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ABSTRACT 

Presented is the annual report for Resources for the 
Future, Inc. (RFF) for the year ending September 30, 1973. This 
organization is dedicated to advancing the developaent, conservation 
and use of natural resources and the iaproveaejit of the quality of 
the environment through prograas of research and education. Host of 
their studies are in the field of the social sciences. Document 
content includes an essay by the group's president, Joseph L. Fisher 
entitled "Keeping Things in Perspective, « and two special articles, 
"Air Pollution and Huaan Health" and "Low-Cost, Abundant Energy: 
Paradise Lost?" both by RFF aeabers. Educational and research 
prograas conducted in the following areas are described: quality of 
the environaent, natural environaents, land and water resources, 
energy and ainerals, regional and urban studies, appraisals and 
special projects and Latin Aaerican Prograas. A list of RFF 
publications, staff activities and writings, and a financial 
statement are also reported. (BT) 
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Rt!S()un:<\s for the Future, Inr, is a nonprofit 
tax-exempt corporation chartered under the 
laws of the state of New York, with headquar- 
ters in VVashinfilon. D.C, It was established in 
October l^)52 with the cooperation of the Ford 
Foundal ion* Its purpose is lo advance the de- 
velopment, conservation, and use of natural 



resources and the improvement of the quality 
of ihc environment through programs of re- 
search and education. Some of its programs 
are carried out by the resident staff; : ome are 
si.pported by grants to universities and other 
nonprofit organizations. Most of its studies are 
in the field of the social sciences. 
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THE PRESIDKN l'S ESSAY 



Keeping Things in Perspective 



by Jo;scph L, Fisher 

It is nol oasy 1o kvv\> ihinjis in |)j^rspi>t:tivi^ 4it any XimvA the series 
or crises to \vhii:h this country and tho world have brcn subjected 
durinj? nu:i*nl months and yo*;rs has madi* i! tncn more difficult for 
pnijslf? to maintain a balano^d virw of what has be«n happening 
and what lios aht^ad. Rut this is exactly what oach person must try 
to do: to sre thinj^s steadily ,ind to see them whole with each one 
endravorinm to find his own most satisfyinj^ and socially construe- 
tive roll). 

Ours seiMUs to he a lime of crisj?s. The last few years have seen 
tin* >nulh rnsis. thr populaUon rris^s, \hv Southrast Asia and the 
Middh? l^ast crisrs. the inflation Crisis, the dollar crisis, the en- 
vironmi ntal crisis, and the crisis cf confidence, along with several 
othrrs. We in this country have been moving from crisis to crisis 
with hardly a breather One of them ends, not so much by a solu- 
tion as by the beginning of another. Americans are on a roller 
coaster going up and down from manic hiqhs to depressive lows. 
The nearly instantaneous reporting of the modern media of com- 
munications now makes it possible for almost everyone to be on 
the same roller coaster. 

■ For the last few months it has been the energy crisis that has 
absorbed the attention of the American people and the people of 
Western Europe, |apan. and the Middle East as well. Like most 
crises, this one. at least for the United States, waa brought on by a 
combination of long-term trends and short-term events. It had been 
clear for some years that the difficulties and costs of finding and 
extracting more oil and gas from sources within the United States 
were increasing. For several years i» has also been clear that the 
major petroleum exporting countries, especially in the Middle East 
and North Africa but also in other places, were going to drive 
harder bargains for their products. The need in the United States 
for greater protection from environmental damages caused by the 
tremendous growth in the production and consumption of energy 
led. in the last several years, to the imposition of restraints and 
controls which added to the cost of energy and to growing public 
resistance to locating and constructing new refining and other con- 



Mij)|UM*s h.iw hvvn phnwxi in \hv si»!iuiK roniinuinfi rapM «rinvlh 
in drm^ind, whun has hvvi\ rnnnin^j ,d owr 5 |)rr<:rn! Jnr oil 
durin^: \hv lasi four yiMrn. ;uound 4 })rr<:ont for n«iUiral y^as, and 
o\rr <i p^•r^:^»nt o^^ avrrn^** lor i*NM:trii:iiy. Bi'hind ihvso hu^rra?$rs 
on thv drm.ind odi* hv \hv poworfnl pn*ss«rrs of pnpnlalion 
Snnvth, risinj» inrmni's, d<«\oiion 1o ihi* antonintivi* way of hU\ 
r\pandin« air IravrK i.onlininnl displat iMnont of railmaiix hy 
mu ks iot hauling* fn ii^hl rapid i*\!««nsion of air c:«nditionin« m 
hnusrs and strni:iuri»s of all kinds* furlhi»r r]i»<:trifii:ation of homo?) 
and offit:i»s, and so on. 

In shori, iho inexorably risins? vwrxv of demand broko ihrnu^h 
and ouldislancpd Ihi* slnj>«ish and rdativdy stable curvo of 
supply: thi? impmdinj: «ap hi^t\v<vn iho two has hven clearly visible 
for .S4»vi»ral yisirs. To Tdl the «ap Ami^riirans have bren relying on 
imports of oil and oil prndnrts, prinr.ipally from Canada and 
Vrniv-uela, bul increasinj»]y from the Middle East and North Africa, 
whern reserves are very larj;i? and production costs still exceed- 
injy low, Tht snddrn otjthroak of war betwern Israel and the 
Arab <:ountries in Octobrr lH7a, followed by ih,^ embargo on ship- 
ments of oil to tho United Slates, has driven tho nail home; 
Amerii:ans are facin}^ a j^rnuini* enerjiy crisis now> 

Th«» energy crisis is not the first crisis of natural rrsources faced 
by the United Slati»s in thi* twenty-ftve years since the vnd of th<^ 
Srcond World War Immediatidy following that war it was widtdy 
hfld that there would not be enoush raw materials of various kinds 
for thr restoration of the badly dama^^cd European and Japanese 
industrial economies, or evrn for the rapid conversion of the United 
Slates economy to a peacetime basis. Awareness of a possible 
running out of resources was wid<\sprnad in this country, as evi- 
denced by Fairfield Osborne's remarkable book. Our Plundered 
Phnet. (Incidentally, Osborne was one of the founding fathers of 
Resources for the Future.) 

In the early 1950s there was widespread concern about a possi- 
ble shortage of adequate supplies of fresh water in several im- 
portant regions of the Mniteii Stales. A presidential commission 
investigated the subject and reported its findings. One response 
was the establishment of a federally aided water resources re- 
search program with units in the various land grant universities of 
the country. The water crisis has ebbed and flowed down to the 
present time; within the last year another distinguished govern- 
ment commission has completed its report on the subject. (Again 
incide:itally. a member of the RFF Board of Directors headed this 
second commission and another member took a leading part in the 
work of the earlier commission.) In the early 1950s also the 
National Materials Policy Commission, headed by a former chair- 
man of Resources for the Future, addressed the problem of supply 
difficulties and rising costs of mineral products. Last year another 



ihi* mu'ii for tioDsorvaiitH) atul riMiyclins of miUt^riiils. 

Mori* ri'conily, within ihi? past sini^ral yvnrs, awareness of an 
«>nvironnn>nlal crisis has Rripprd the country. Ecology has passed 
from the status of an arcane science to a household word. The 
<;uttin^ ed«i* of the environmental movement has been the fight for 
antipoUulitm laws, principally at the federal level but also at the 
state and local levels. These have included acts dealinj with clean 
air and <:lean wa!i«r, solid waste disposal* the use of pesticides in 
agriculture* the discharj^e of radioactive substances as well as toxic 
metals and other materials, and so on. Of most general importance 
was the passage several years a$>o of the National Environmental 
Policy Ac:t, which established the Council on Environmental 
Quality and required the preparation of environmental impact 
statements by Rovernment a)^«*ncies proposinji projects or programs 
that would have sij^niiicant effects on the environment. The courts 
have been important to the environmental movement in various 
ways: for example, by permitting class aclicn suits to be broufiht 
by individuals and jjroups whose mission has been to defend the 
environment against government a^^encies and others who, ihey 
thought, were about to en^a^^e in actions potentially damaging to 
the environment- Supporting the environmentalists have been a 
variety o^ other organisations and groups, such as those concerned 
with stopping ^jopulation growth, reducing economic growth, and 
preserving natural areas, among others. The environmental revolu- 
tion, so *:alled. has been one of the significant features of the 
social and political history of this country from the late 1960s up to 
thf. present time. Now it is confronted by the energy crisis, the 
alleviation of which may well require what a confirmed environ- 
mentalist v.*ould regard as retrogression — reducing standards for 
air and water quality, landscape, and urban conditions or post- 
poning their achievement. 

■ The fact is. of course, that resource and environmental diffi- 
culties are likely, now and for the future as far as one can seei to 
be widespread, interrelated, and more and more intractable. Turner 
said that the passing of the American geographic frontier took 
place about 16B0 and with its passing there set in the beginnings of 
a profound change in the American character and view of life. 
A good case can be made that, in about 1970. a kind of resource 
frontier, i'iewed on a world scale, ceased to exist as increasing 
numbers of people in the various countries became aware of the 
planetary constraints of spaceship earth. This is not to say that a 
general collapse is all but inevitable within the next hundred years 
or so. which seems to be the implication of the remarkable book. 
Limits to Growth, published a few years ago, but it does portend 
dire results some time in the future unless the people of this planet 
can succeed in coming to environmentally acceptable terms with 
the resources and resource potentials of their finite world. Largely 
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of crisis, such as now is upon us, when demands can be checked 
by iUiocaUon and rationing schemes. Allowing prices of oil prod- 
ucts and other fuels to go up — the normal response to shortage 
in the face of rising deman?? — runs counter to government efforts 
to dampen inflation, which everyone wants done, and workrj a 
particular hardship on poor people who have to use their cars to 
KO to work and for other essential purposes. Even so. prices of 
^asohne and other oil products will undoubtedly continue to go 
up, but probaiJy not enough to correct the supply-demand im- 
balance* In the short range, the outlook is for trouble and the 
possibilities for corrective action ate strictly limited* (Observa- 
tions regarding the short-range aspects of a crisis obviously are 
easily outdated: who knows precisely what will happen next week 
or next month?] 

Furthermore, the enormous windfall gains that can accrue to oil 
companies from sales of domestic oil as a result of the general 
shortage and especially of the rapid escalation of the price of 
imported oil pose a severe dilemma: higher profits encourage 
exploration, discovery, and development of new sources; they are 
needed but «re unacceptable as a matter of social equity at a time 
when all others are having to make sacrifices. A workable com- 
promise would consist of a moderate, controlled price rise plus 
an excise tax to assure that undue profits would go to the govern- 
ment to serve public purpose such as, for example, increased 
research and development on new. clean energy sources and con- 
version technology. The need for special tax treat^ient of oil such 
as the depletion allowance and other expensing privileges seems 
to have passed with the advent of higlier product prices. 

For the middle range, the outlook is mixed, uncertpJn, iffy, but 
with more room to maneuver. Over the next five to ten years* or 
perhaps even longer, if events break reasonably well, enough oil 
and other energy commodities could become available to meet, 
if not the typical 4 percent annual increase in consumption, at 
least a more modest 1 or 2 percent growth. A step-up of offshore 
leasing. driUing. and development could occur, as well as some 
increase in onshore production from new wells, plus secondary 
or even tertiary recovery from existing wells. North Slope Alaska 
oil could be in full production toward the end of the 1970s. Given 
some kind of resolution of the Mideast conflict. importB could be 
increased from the very large reserves of oil there, but at no bar- 
gain, given the economic muscle the exporting countries ere will- 
ing to use. In addition, timely actions now might mean at least a 
beginning of liquid fuel production from coal and shale. There 
could also be much more electric power from conventional re- 
actors, or from breeder reactors after, say, 1985. 

But each of these poss^bili^es carries with it a burden of environ- 
mental consequences. Offshore oil presents threats of ocean and 
shoreline pollution. The Aliska pipeline has been a classic con* 
frontation of developers versus environmentalists. More imports 



will n»quirn port farilitws, onshnn* or offshore, for handlJ'ifi super^ 
t;nikorH. winch also prosrnts pnlluHun danjjnrs, f^'np-mhun): t)f <:oal 
or shall? roquiros the tomoval of vast quanttlit^s of ovt.i4)\a»\icn and 
iho conjii^quont scarring of the landscape. And nuclear power en- 
tails the possibilily, howoxer n^mote, of incalculable damages from 
the escape of lonR-Uved radioactive substances. In each case the 
increase in {»nerfiy production will have to he weighs / against the 
incn^ised damage or threat of damage to the environment. Thus, 
the energy crisis intrnsifies the enviro nmental crisis, especially if 
environmenLil standards have to give way to the need for energy 
that is more polluting. 

For the long range of twenty or more years ahead, additional 
supply options come into view: geothermal heat, solar energy, 
nuclear fusiim, and truly large amounts of liquid products from 
coal, shale, and tar sands. These, too, present us with environ- 
mental problems but with more time to figure out how to handle 
them* Furthermore, in the perspective of a decade or more, entirely 
new technology, products, and even consumption patterns can 
changif? the whole picture. 

■ Will Ihe energy crisis completely eclipse concern for ecology? 
The em ironmenlal crisis has been with us now for several years, 
ami it has many manifestations: foul air over most of our cities 
much of the time, sewage- and silt-laden streams, monumental 
amounts of solid waste to dispose of. toxic che.nicals in both air 
and water, heat, noise, congestion, and general disfigurement and 
disrupnon of the urban and rural landscape. Gains have been 
made, of course. Very few Americans die nowadays from cholera 
or typhoid. Water is potable nearly everywhere and food is pure 
enough to eat safely. People live longer than fhey used to. But the 
discharge of wastes, some of it poisonous, is now so large and so 
diffused over wide areas, and so difficult to cope with, that crisis is 
not too strong a word to characterize the situation. Added to this 
have been the rising expectation's people have regarding a clean, 
healthful, and attractive environnent. Convinced that the tech- 
nology, managerial capability, and funds are available for improv- 
ing the environment, they want results. 

In a crisis situation when things are not going well at all. 
Americans tend to look for the villains who got us into the mess. 
In turn, the environmental crisis'' has been blamed on big" business, 
bureaucratic government, the media, technology, and the establish- 
ment, whatever it is. The true causes, however, are deeply em- 
bedded in the whole structure and functioning of society and the 
way individuals behave. The increase in population, especially in 
urban areas: the growth of industry, particularly polluting industry: 
the rapid approach toward the limits of air, water, and land to 
absorb, hide, dilute, or flush away the increasing load of pollutants; 
the reluctarxc of people virtually everywhere to reduce their con- 
sumption, change the ir littering habits, or pey the clean-up bills — 
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thvsr ire ^mionR the principal causes of imviromnfijital deterioratioii- 
Tho main lines of soluUon fortunately are becoming dearer as 
the probhmis Ret worse ami more and more people clamor for 
action, \\] Set strict but attainable standards for air and water 
conditions and then enforitc them, {2) Where possible* levy charges 
on polluters accordinj? to the damages they cause, in the hope that 
they will then ri^frain from pollutinj? so as to avoid the charges. 

Provide technical aid and financial inducements for the reclama- 
tion and recycling of waste materials. {4) Make sure that costs of 
preventing or repairing damages caused by polluting products are 
,somehow included in their prices, (n) Always lean in the direction 
of raw materials, imlustrial processes and products, and consump- 
tion habits that an? less polluting, }r>) Install new institutions, 
frequently regional in scopr, to plan and administer the necessary 
preventive and corrective programs. 

The costs of a vigorous program of environmental improvement 
do not appear to be unbearable: 2 to 2V2 percent annually of the 
gross national product ($24 to $30 billion a year this year), about 
twice what is now being spent, would enable good progress to be 
made. 

If we look far ahead to the end of this century and beyond, it is 
clear that continued population and economic growth will ulti- 
mately overtax l)oth the capacity of the environment to absorb 
pollutants and its capacity to provide raw materials including these 
that yidd energy. Technology and general cleverness promise only 
to stave off the Malthusian day of reckoning, but they can buy us 
precious time to figure out better ways of handling things and to 
make appropriate adjustments in our whole style of living, the 
arrangements of our cities and towns, our aspirations, and our 
culture generally. 

■ The environmental crisis and the energy crisis tend to overlap and 
merge. Most air pollution is due to the burning of hydrocarbon 
fuels, principally in automobiles and other vehicles which also 
cause noise and congestion in our cities. Oil is the largest polluter 
of oceans and shorelines, coal mining the greatest disfigurer of the 
landscape. An excess of carbon dioxide in the upper atmosphere, 
if that should turn out to be a problem; ecologically unbalancing 
amounts of heat in major metropolitan air sheds; the risk of radio- 
active catastrophe: the production of large amounts of potentially 
contaminating chemicals, such as those contained in fertilizers and 
pesiicides~all of these are based on or closely linked to energy. 

Ironically, many promising solutions to each of these crises, or 
both taken together, will require yet more technology that con- 
sumes energy and thereby adds to pollution of some sort. Again, 
the search must be for technology, such as ways of reducing the 
emission of pollutants from vehicles, whose net effect, including all 
the side effects on the environment and on people's health and 
welfare, is favorable and which, on balance, will require less energy. 



OwT \hv yi^ars Rosoiircos for the Fuluro has trif?d to maintain a 
s!rad>\ halancful systomalic vk?w of ihe various crises pertaining 
to resources antl tho environment that have paraded across the 
American scene. We have tried, through disciplined research, to 
understand the factors involved and the interrelation, hips among 
them. Always we have valued objectivity jnost highly, ^^eing aware 
that most organizations concerned with these matters have been 
advocates of one position or another. Thus, on many occasions our 
researchers have had to ri?sist the temptation to rush to the barri- 
cades in defense of a cause, however laudable the rause. Before 
a situation became a crisis RFF has seemed to be looking at it 
with undue alarm; for example, water and air pollution five years 
or so before the public became concerned. After a crisis has been 
widely perceived as such, RFF has been criticized for being loo 
complacent, of not being with it, of turning its attention elsewhere, 
frequently to a problem destined to become a crisis several years 
later. 

At all times, we have wanted to maintain credibility with all 
parties to the numerous conflicts that have occurred. This does 
not mean we have been uninterested in policy and action; rather, 
il means that we have sought to make our contribution by defining 
issues, analyzing the factors involved, appraising alternative pon- 
dcs in terms of the objectives and standards they seek to achieve, 
examining the feasibility of other objectives altogether, and. of 
course, reporting our conclusions in a straightforward and timely 
,vay. There is a place for advocacy study, but we have striven 
for objective research, and that has been enough to keep us fully 
occupied. 

From its beginning twenty years ago, but increasingly during the 
past year or so. Resources for the Future has been concerned with 
policy outcomes and has selected research projects whose findingc 
rould be of use to the policy makers in government and in 
the private sector. During the past year, for example, we have com- 
pleted a report on Alaskan oil in which the advantages and dis- 
advantages of the Alaska pipeline project were laid bare, two 
studies on urban land policy with numerous direct policy implica* 
\»ons. a legal analysis of the National Environmental Policy Act. 
plus a number of other reports with direct bearing on what to do 
about the various crises being considered here. In all of these 
studies particular attention has been given to the legal* institu- 
tional, organizational, technological, and behavioral issues that 
could be dealt with through changes in policy at various govern- 
ment and private levels. 

Our strategy in choosing research projects has been along two 
lines. First is the broad and systematic examination of resource 
and environmental trends and problems. Thus we have tried to 
keep under more or less continuous surveillance such subjects as 
energy supplies, environmental pollution, land use and manage* 
ment. and water resource problems. Second, we have tried to select 



fur o\;miina!ion ihosp particular problems which we thoufiht to be 
crilit.al in tho srnsr ihat, without solution, progress of a more 
j^enrral kind would he held up. The first, more comprehensive 
research has embraced theoretical, statistical historical, and meth- 
ociolo^^ical work. The second has included applied analysis, case 
studies, policy background reports, and collections of professional 
papers on particular subjects, 

Throijj^hout its two decades of experience. RFF has striven to 
help k-ep thinj^s in perspective by seeing them clearly, steadily, 
and objectively. Such a vi<»w seems more needed now than ever as 
the number of crises multiply and people seek solutions on which 
they can depend to meet not only immediate problems of tomorrow, 
but also the problems of the long years ahead. 



TWO SPECIAL ARTICLES 
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Air PoUucion and Human Health 



Thr UHi^ni <:olUsion of U.S. air quality standards with IKS, citorj^y 
jiolir.ivs has phu od a promium on ihv. kmnvhulj^t) our scai^niihc com- 
nniniiy pussi^ssrs, or can ai:<pnn\ about \hv t^iivvAh \hM air poUutitjn 
may havo on human health. The curront probh^m ia moro than oni? 
of balancing ihn bi^nrfits to polhiti^rs from vi^nting residuals into the 
atmosphx?ri? aj^ainst the damage sufforod by society as a rnsiilt of 
tht? im.rrasiul pollution. From a i>olicy-niakin^\» standijoini, tho basic 
difficulty our ig ioranco. Wo an? uncertain who suiftMs, to what 
d<»«r<M\ from what amount of which aj^imts, Undor an KFF j?rant, 
Li^stcr B. Lavo ol (:arn<'S»>^^^''l"" Mnivcrsily and Kuj;imo P. S«?skin 
of tho Urban Institute? havo boon onj^aj^od in research addrossod In 
that ihain of <|uo*^lions. Th<? hdlowinj^ ossay is adapted from Ihoir 
rrcontly comjdrtod interim report. 

It is misleading to speak of air pollution as if a single substance 
were involved. Sulfur oxides, suspended particulates, nitrogen 
oxides, carbon monoxide, hydrocarbons, and photochemical oxi- 
dants arc the most common pollutants in the air. Lumping together 
all of these into the single category, air pollution, provides little 
information as to which specihc pollutants should be abated, since 
the effects include phenomena of such disparate weight as dis- 
coloration of fabrics, deterioration of health, and fewer clear, 
sunny days. Air pollution is used as a summary term for these 
compound phenomena. 

Although many of the effects of air pollution are evident, they 
are often difficult to measure. We do not know precisely what air 
pollution costs society in terms of human suffering and depriva- 
tion, not to mention financial injury. Many investigators have 
attempted to quantify and evaluate these effects. Lave and Seskin 
have elected to explore one aspect in detail, conjecturing that, if 
air pollution exerts an adverse effect on Health, this alone would be 
sufficient to justify its abatement. 

■ Let us begin with some useful oversimplifications. There are two 
types of air pollutants — those that come mostly from stationary 
sources (particulates, sulfur dioxide, and nitrogen oxides), and 
those that come mostly from mobile sources (carbon monoxide, 
lead, hydrocarbons "nd nitrogen oxides). There are two measures 



of ill hindlh - sickness ami ihuiih {morbidity and mortality). Am? 
then? iirt? two ways by which the health problems are presumed 
to iiris^e from air pollution — chronic exposure and episodic 
exposure, 

!n Hvinj? memory, several large-scale, disastrous episodes have 
provided the kind of public evidence needed to focus official at- 
tention on the relationship between daily mortality and daily air 
pollution. 

The highly industriali2:ed Meuse valley of Belsinm experienced 
climatic conditions permitting the buildup of abnormally high 
levels of air pollutants (particularly sulfur dioxide) during Decem- 
ber 1930- Over a five-day period, approxiinately 6^000 people 
became ill and perhaps 60 died (most of whom were elderly per- 
sons or those with previous heart and lung conditions]. This was 
more than ten times the number of deaths that would normally 
be expected. 

In October 1948, a similar event took place in Donora, Pennsyl- 
vania. Within three days, almost 6,000 people (over 40 percent of 
ihe population) became ill. and about twenty deaths were reported. 
This again was approximately ten times the expected number ol 
deaths, ami again the aged were most susceptible (the average age 
of the dead was 65). A follow-up study found that persons who 
became ill during the smog episode demonstrated subsequently 
higher mortality and morbidity than other persons hving in the 
community. This was particularly true for persons with diseases 
of the cardiovascular or respiratory systems. 

In December 1952, London was enveloped by a dense fog and 
in a two'Week period 4.000 deaths were attributed to the ab- 
normally high concentrations of sulfur dioxide and smoke. Unlike 
*he previous episodes, all age groups were affected. 

Lesser episodes occurred in London during January 1956 and 
December 1962. Nearly 1*000 deaths were attributed to the first 
incident. The greatest percentage increase in deaths was among 
newborn children. In absolute numbers, however, the greatest 
increase was among elderly persons. Bronchitis mortality ex- 
hibited the highest increase among specific causes of death. 

Dramatic increases in air pollution have been shown beyond 
question to cause discomfort, illness, and death. Thus, the first 
hypothesized relationship between air pollution and health is an 
acute response, in which high concentrations of air pollutants 
have an immediate effect on health. Since there are a host of 
pollutants which might be responsible, some researchers have 
examined air pollution episodts to determine which pollutants 
were present, and numerous laboratorj experiments have been 
run to explore the effects of individual pollutants. 

The second hypothesized relationship is a more subtle one. There 
is a hidden dimension to the problem. The effect of air pollution 
on health may be related to exposure time. A long, or chronic. 



exposure? to low conccntralions might be just as narmful to health 
as a short, or i^pisodic, exposure to high concentrations. This 
long-t«^rm t^xposurc may well exacerbate existing disease or in- 
crease susceptibility to disease- Evidence for this hypothesis is 
the finding that such substances as benxopyrene can produce 
cancer in laboratory animals, and the fact that acute irritation 
fdemonst rated in laboratory experiments] can aggravate the symp- 
toms of a chronic respiratory disease, and possibly make it pro- 
firessive. However, concentrations of the magnitude required to 
drmonsiratc these eilects in laboratories are seldom, if ever, ex- 
perienced in urban air. 

While there is no doubt that air pollution did cause illness and 
death in the episodes of Donora and London, there has been 
considerable uncertainty as to whether the levels of air pollution 
now prevailing in our major cities arc sufficient to affect health. 
Although people living in cities are known to be generally less 
healthy (with lower life expectancicsl than people living in rural 
areas, the question remains whether any part of this "urban factor" 
is caused by air pollution. Detailed and statistically sophisticated 
analyses are needed to explore the relationship between the level 
of air pollution and number of deaths. This research must not 
only establish whether there is an effect, but must also provide 
estimates of the quiintitative impact of air pollution on the health 
of city populations. 

We need to know, specifically, whether the rifect of a given 
dosage changes with the time of exposure. For example, is an 
exposure of 10 parts per million (ppm) of sulfur dioxide for 10 
hours better or worse than an exposure of 1 ppm for 100 hours or 
0.1 ppm for 1,000 hours? If the physical responses to these ex- 
posures arc quite different, laboratory experiments are not likely 
to provide satisfactory information for public policy toward air 
pollution. The body's repair mechanism has led to the prevalent 
view that there is a ''threshold** above which the repair mechanism 
can no longer keep up with the damage; below the threshold 
level, no damage will result. If there exists a threshold level of 
air pollution that can be easily maintained by society, it makes 
sense for Congress to pass laws requiring that air pollution be 
abated to the point where no health damage is present. Such an 
attempt was indeed made in the 1970 amendments to the Clean 
Air Act. But if no such thresh 3ii exists, or if it is at so low a 
level that it cannot be maintained with current technology, the 
standards embodied in the 1970 amendments make little sense. 

Though not yet agreed on such a threshold, scientists have 
been accumulating formal evidence for more than forty years that 
links ill health to air pollution. The scientific community has been 
slow to accept this evidence because of the methods used in 
gathering it and because of the lack of controls. Some early 
studies contrasted the mortality rates in polluted and unpolluted 
areas and found higher death rates in the polluted regions. The 



pruhli'in with such annlysrs is that areas with high hovels of air 
poiiiitinn an? indusirializod cities, whereas the areas with low 
levels of air pollution are rural farming communities. Put this 
way, the "indin^s are not at all surprising: we know that people 
living in larije cities hav*» lower life expectancies for a host 
of reasons, 

■ The principal conclusion that one might draw from a literature 
review is that many scientists have demonstrated an association 
or link between air pollution and increased mortality rates. What 
can one conclude from such a link? There arc four logical possi- 



FACTORS AFFECTING MORTAUTY 





Socioeconomic characteristics 
« Income distribution 
« Occupation m\\ 
• Housing density or crowding 
•Differential migration 



Physical characttiristics 
•Age distribution 
•Sex diBtribution 
•Race distribution 
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Environmental factors 

• Air pollution levels 

• Radiation levels 

• Climatological 

characteristics 

•Domestic factors 

Ihome heating equip- 
ment, heating fuels, 

«tc) 




Personal factors 

• Smoking habits 

• Medical care 

Equality and quantity) 

•Exercise habits 
•Nutritional history 
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bilitirst n) nissiociJition is ii samplinR phrnomiHion and occurs 
at nindom: (2) air polluUon causrs m increase in Iho morlnlity 
ratiK |3) incroasrs in thf? mortality rati* cause air polluUon; or 
|4) ihete is a third factor that causes both air pollution and in- 
creased mortality, whid* gives rise to a spurious corrdation be- 
tween them. For example, if automobiles were the only source of 
air pollutir#n, and if many df^aths resulted from automobile ac- 
cidents, there would be a siRnifinant correlation between air 
pollution and the mortality rate across cities. To avoid this 
spurious association, the number of automohilc8» as Well as such 
related factors as the number of miles driven and weather condi- 
tions, would have to be controlled in the analysis. 

What can we say about these four possibilities? We can rule out 
the first, since there has been an enormous volume of evidence 
collected indicating a close association between air pollution ami 
increased mortality. We conjecture that the second possibility is 
correct, but we must rule out the third and fourth in order to 
prove it. The third possibility seems macabre: perhaps in the 
13th century the increased mortality during the Black PlaRue 
epidemics led to air pollution, but this hardly seems relevant 
today. Therefore, proving that air pollution is the cause of in- 
creased mortality depends upon being able to rule out the fourth 
possibility, i that the association is spurious. 

Generally, mortality rate is measured for a geographically dn- 
fined group, such as the inhabitants of a city. A large number of 
factors arc known to affect the mortality rate. Some of these may 
be grouped arbitrarily into: (a) physical characteristics of the 
population, |b) socioeconomic characteristics, {c) environmental 
factors, and (d) personal factors. The most important factors are 
the last, yet they a^e the most difficult for researchers to take 
into account. 

In order to estimate the effect of any one of these factors on 
the mortality rate, the others must be held constant experimentally 
or controlled statistically. This is necessary because the estimated 
difference in mortality between two areas may reflect differences 
in a variety of factors affecting the death rate; one cannot ascribe 
the entire difference to one, such as air pollution. 

An ideal investigation of the association between air pollution 
and health would control for all relevant factors. Unfortunately, 
many of them are difficult to measure conceptually (genetic cffectB, 
for example), while data on others either have not been collected 
(smoking habits) or are poorly measured in existing statistics 
(medical care). The difficulty comes in finding ways to control for 
each of the variables experimentally or statistically, explicitly or 
implicitly. 

■ In practice, the laboratory has not proved to be a very useful 
setting for investigating the association between air pollution and 
ill health. There need be little relationship between the short-term 



riNu:tion ini>chiinisiiis which can bo explored in the laboratory 
rninn human subjects, and the mechanisms by which exposure to 
low levt>ls of pollution over a period of many years exacerbates 
chronic disease. Even experiments involving the fumigation of 
animals ov«^r a prolonged period may have little relevance in 
studying the effects on humans, because of the differences in 
physiology and life span. 

Because of these difficulties* the normally accepted method of 
using laboratory experimentation to prove causality may not be 
suitable. Indeed, the notion of causality may not be a useful 
concept in investigating chronic disease. Progressive lung damage 
could be caused by bacteria for a virus), by occupational exposure 
to harmful materials, by smoking, by air pollution, or even by 
genetic factors. What is the cause of severe dyspnoea in a 60-year- 
old ;]sbestos worker who smokes, lives in a large city, comes from 
an impoverished family, and has never received proper nutrition? 

A more useful approach for chronic disease involves determining 
which factors aggravate symptoms or make the disease progres- 
sive. In the given example, all of the factors named probably con- 
tributed to the dyspnea, and the absence of any one of them 
probably weald have resulted in less severe symptoms. But the 
worker would not find such a conclusion helpful, nor would a 
public health ofTicial They would find it more useful to know, for 
example, that breathing as>?-stos particles is ten limes more 
detrimental than exposure to uroan air pollution at the level ex- 
perienced in the particular city. 

Similarly, it is more useful to determine the extent to which 
sulfur dioxide increases the severity and frequency of emphysema 
than to investigate whether high concentrations of sulfur dioxide 
induce the disease in white mice under controlled conditions. 
Lave and Scskin's concern is primarily with estimating the eifect 
of mitigating one of the insults, rather than with whether this 
insult is capable of causing the dibease in isolation. For this 
reason, an epidemiological study that examines human beings in 
their natural setting is more relevant than a laboratory experi- 
ment. But to investigate tht contribution of one insult, one must 
control for all the other variables believed to influence health. 
And research is further complicated by the likelihood that pol- 
lutants interact to produce more damage than each would individu- 
ally. The effects of uncontrolled or unobserved variables will 
sometimes result in lending a spurious significance to the air 
pollution-health relationship; in other cases, in obscuring the 
association. 



■ For a chronic disease, such as bronchitis, there is a long series of 
possible causes and aggravating factors. It is difficult, if not 
impossible, to control for each of them, e.g., genetic susceptibility. 
One is faced with a choice between two types of experiments. 



BEST COPY AVAILABLE 

The first !ypfi of i*xpRrimcni represents classical i^pidemiology; 
it compares two groups which differ only in their exposure to air 
pollution. For example, one might look at the incidence of hron- 
chitis among sets of identical twins, one of each set living in an 
area of low air pollution and the other living in an area of high 
air pollution. Studies of this sort may bd quite suggestive, but 
they are not very helpful in estimating the contribution of ak 
pollution to the incidence of bronchitis in the general population. 
These experiments also suffer from small sample sizes and limited 
ability to control for other factors hypothesised to affect the in- 
cidence of ill health; for example* a difference m exercise habits 
between urban and rural environments. 

The second type of study examines tke incidence of bronchitis 
among large, geographically defined groups, and searches for 
correlations among a variety of possible causes. Sample size is 
particularly important when a subtle irritant is involved and a 
number of other variables are uncontrolled. For example, in 
comparisons of the populations of areas exposed to different 
levels of air pollution, the inherent health-related factors will tend 
to balance out* When this is the case, a comparison between two 
substantial populations can be expected to show different mortal- 
ity, morbidity, or physical-test results, if air pollution is the 
prime variable. 

■ Of course, data on the characteristics of various city populations 
may not reveal some crucial traits needed for valid comparisons. 
People with severe respiratory difficulties may migrate from pol- 
luted to unpolluted cities. Suppose, for example, that everyone in 
New York City who has severe asthma or another chronic respira- 
tory disease moves to an unpolluted city in the Southwest, such 
as Phoenix. This would mean that, even if the relatively clean air 
in Phoenix were to prolong the migrants* lives, the net effect of 
the migration of unhealthy people might be to raif a the mortality 
rati; in Phoenix while lowering the mortality rate in New York 
City. If there is a net migration of diseased people toward un- 
polluted areas, the result will bias the estimated coefficients of 
air pollution toward zero, and cause us to underestimate the as- 
sociation between air pollution and mortality. Carried to the 
extreme, so many sick people could migrate to Phoenix that the 
resuhing death rates would be higher in Phoenix than in New 
York, and the estimated relationship between mortality and air 
pollution would show that air pollution is associated with lower 
mortality! The effects of migration have in fact been explored by 
Lave and Seskin in an analysis of the change in population in 
standard metropolitan areas fSMSAs) between 1950 and 1060. 
Migration appeared to have little bearing on the estimated effects 
of air pollution. 

A similar distortion might arguably occur when people take leti 
dramatic steps to reduce their exposure to air pollution. If persons 
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ini hhlinj possi!)!t* umh^rri^porlmjj of \h<n fotal mortality rati\ in- 
iu:i:urai:»»s in thv <lia«nosis for the camp of draxh in disoasn- 
sptnnfu: ratios, and sampHnfi variability when the disease was 
n^iativrly rare }and the mortality rale was stnallj or when the 
population at risk was not very large. 

Amonj* the infant rales, particulate pollution %vas most closely 
associated with the deaths of infants under on%? year and under 
2a days old, while sulfate pollution was most closely associated 
with the f'^tal ueath rate. Ir. all twenty-nine aj e, sex, race-specific 
mortality rates averaged over the years 1959 to 1961 were investi- 
Rated. In j^enerU fexcept for the 15- to 44-ycar-old afic firoups), 
air pollution was an important factor in explaininfi the variation in 
these mortality rates across SMSAs. 

Fourteen disease-specific mortality rates, based on both 1960 
and 1961 data, were examined. For total cancers and four sub- 
classifications of cancers, there was a close association with air 
pollution fparticularly sulfates) in 1960, although the 1961 repli- 
cation failed to indicate the same level of significance. Deaths from 
cardiovascular disease and its subcategories also showed a close 
association with sulfate pollution in 1960; in this case, the 1961 
results further strengthened the relatfonship. For five diseases of 
the respiratory system, the results were generally insignificant. 
Only the tuberculosis mortality rate exhibited a close association 
with air pollution in both 1960 and 1961. Surprisingly, the mortality 
rates for asthma, influenza, pneumonia, and bronchitis did not d 
play a relationship that was significant in both years. 

For a subsample of fifteen metropolitan areas, data on three 
additional pollutants (sulfur dioxide, nitrates, and nitrogen dioxide) 
were investigated in an attempt to isolate their effects. In addition, 
major interactions among the pollutants were analyzed. Sulfates 
proved to be the deadliest pollutant in terms of general mortality. 
However, for the infant mortality rate, all five pollutants were 
statistically significant, and nitrogen dioxide was the most im- 
portant in terms of estimated effect. 

■ In work focusing more narrowly on a small group of major cities, 
greater specificity was gained but generalizing power was much 
reduced. As with all previous work on this problem, RFF's study 
was limited by the availability of pollution data and. to a lesser 
extent, of mortality data. Daily observations on pollution levels 
(24-hour averages] were obtained from the Continuous Air Moni- 
toring Program (CAMP). The data were most usable and complete 
for five cities — Chicago, Denver. Philadelphia, St. Louis, and 
Washiugton. D.C. — and for five pollutants — carbon monoxide, 
nitric oxide, nitrogen dioxide, sulfur dioxide, and hydrocarbons. 

In conjunction with the daily pollution readings, daily death 
counts from 1962 to 1966 were obtained for the five cities from a 
special study by the Environmental Protection Agency. 



KiiKilly, f:]inui!o)o5^icnl tlafa \vc?rr socuml on daily wcathi^r fac- 
tors l«r tho latios from tho Dr}3ar!m<nit of Commorce. Air polhi- 
turn, mnrt.ility, am! <:Hmatii information t:onsl:tultHl ihe data hasi\ 

Ri^snit!i woro similar for four of thu fivn c:i!ii\s. Th«r^? was no 
tnidi^nco of an vffiHA of daily air pollution on daily mortality. Ihe 
notabli? o\i:i»ption was Chica^jo, whoro, aftor controlling for diniatn 
and wrinkly rfriM:ts, a closo association was found between daily 
diMths and two pollutants - - nitric oxide (primarily from auto- 
nmbiles) and sulfur dioxide (primarily from stationary so'irces). 
The effects of these })ollutants on Chicago's population differed in 
their severity and timin«. Sidlur dioxide wiis the most deadly, 
showing* a larfie immediate effect on mortality, which Rradually 
diminished over time. For nitric oxide the effect was delayed by 
sevend days, reachetl a peak, and then diminished* Further 
analysis ruled out the likelihood that deaths associated with air 
pollution were merely hastened by a few days — that is, that very 
vulnerable or mortally ill individuals w^ho would have died a bit 
later were simply proddetl alonj? by the pollutants. 

J3ome climati: variables w^re significant in each city. Average 
wind speed was sij^nificant only for St. Louis, where increased 
wind velocity sef?med to reduce daily mortality. This was plausible, 
since wind cleanses the air. Rainfall did not appear to have this 
effect. However, a lower mean temperature (coupled with air 
pollution) produced a rise in the death rate in Denver and St. 
I.ouis, whereas a hi)>her mean temperature produced more deaths 
in Chirs^^o. It is difficult to explain the different patterns in the 
three cities. For Chicago, however, it is possible to say that a 50 
percent reduction in air pollution (as measured by sulfur dioxide] 
could be associated with a 5.4 percent reduction in that city^s 
daily death rate. 

A natural question arises as to why the data from Chicago alone 
confirmed a connection between daily mortality and daily pollu- 
tion levels. One possibility concerns the relatively high levels of 
pollution tho* were prevalent in Chicago. For each pollutant under 
consideration, the mean level in Chicago exceeded the mean value 
for any other city. This was especially noteworthy for sulfur 
dioxide, for which Chicago*s mean levels were almost ten times 
the levels of Denver and almost four times the levels of St. Louis. 
Even the low pollution months in Chicago had pollution levels far 
5^reater than those of the other four cities in this study. Thus, it 
may be that, at levels of pollution substantially below those found 
in Chicago, acute effects ar3 not important. A closely related 
issue involves the relative size of the cities. Because of its larger 
population, the mean number of deaths per day in Chicago was 
more than four times as large as in any other city in the sample. 
Since deaths occur in discrete units fat least one at a time], effects 
of pollution in a smaller city may be lost when scattered over a 
five-day period. 



Ofhrr hWhWvh. it shonUl hi> adtlml, havf* found similar dose 
iissurialions boiwoon daily mortality and air polhilion in New 
York City and Los Ansdos, both of which answor the require- 
ments of size and high levels of air pollution. 

■ Before l.ave and Sr kin undertook the foreRoing analysis, they 
examined a larRo number of studies documenting an association 
between air pollution and ill health. The conclusion from both 
their work and the work of others is that a significant association 
exists between various pollutants and death rates in large cities 
across the United Stales, Moreover, it appears that daily changes 
in the citii^s air pollution levels have more effect on mortality than 
do annual changes. Where possible, every reasonable suggestion 
was tried to determine if the estimated relation between air pollu- 
tion and mortality was spurious. In general, the conclusion has 
passed these tests and appears to be a consistent one. While this 
evidence cannot be said to prove causation, since there arc still 
a number of factors affecting health which were uncontrolled in 
the analysis, it is substantial and. it is believed, sufficient to con- 
vince an unbiased observer of the relationship. 

The implication of the 1960 study for 117 SMSAs is that a 
10 percent reduction in air pollution (as measured by particulates 
and sulfates) was associated with a 0.90 percent decrease in the 
totpl mortality rate. Analysis of 1960 data also suggests that a 
50 percent reduction in air pollution (as measured by particulates 
Mil sulfates) would be associated with a 4.5 percent decrease in 
the total mortality rate. When a similar calculation was made from 
the corresponding 1969 data, it was found that a 50 percent reduc- 
tion in air pollution (as measured by particulates and sulfur 
dioxide) would be associated with a 7.0 percent decrease in the 
total death rate. 

■ This work points to the need for a great deal of additional research 
to answer specific questions. An investigation of morbidity rates 
would probably be more useful than further studies of mortality 
rates. It is essential that the more difficult task of constructing 
reliable morbidity indices be accomplished, and that analyses 
similar to the one sponsored by RFF be carried out. Another crucial 
issue involves the question of which pollutants are harmful to 
health. For example, what is the toxicity of photochemitial smog 
compared with that of sulfur dioxide? 

Some limited evidence has been produced that suggests that 
suspended particulates and sulfur oxides are important pollutants. 
For infants, suggestive although quite limited results lead to the 
conclusion that nitrogen oxides as well as particulates are quite 
toxic. Much more work must be done on toxicity, and it is likely 
that such investigations will require morbidity rather than mor- 
tality data. 



Finally, ihv problem of ostimating the effect of jiir pollution 
on hnman health r<?quires bt'lter physiological evidence and identi- 
fication of other environmental insults, such as radiation. A pro- 
gram should be undertaken immediately to estimate the doses of 
environniontal factors expericncrd by a sample of the population, 
and to correlate those estimates with measures of the morbidity 
of the same sample. A careful experimental design together with 
appropriate staiislical analysis of the data would add much to 
our understanding of the effects of man's environment on man. 
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Low-Cost, Abundant Energy: 
Paradise Lost? 



Most of 1H<? ingrodiontji in tho curmU €norj>y discussion are familiar 
ones; it is the combination and configuration which provide the 
elements of severity and surprise. Not in recent times has the con- 
nection of events in the domestic economy been so dramatically 
underscored as by the emergence of energy shortages in one or 
another sector, with price rises as their harbinger. It is this inter- 
relatedness of phenomena which forms the basis for a review of the 
rni i j»y si:»Mu' today, writtm by Hans H. Landsborg, director of RFF*s 
energy studies program. The following essay is adapted from the 
original, which represents the introduction to a report on social 
science research needs in the energy field prepared for the National 
Science Foundation during 1973. 

The United States and much of the rest of the world have 
entered an era of profound alteration in traditional relationships, 
patterns, and long-accepted trends, in which what used to be taken 
for granted or was only rarely questioned has become an issue, a 
problem, a dilemma. Price relationships, usage rates, sources of 
supply, and. in its broadest conceivable meaning, national security 
and integrity, all have become areas affected with uncertainty and 
conflict - indeed such a degree of uncertainty that writing about 
energy developments carries a high risk of being obsolete before 
the ink is ilry. 

What follows is not intended to be an up-to-date chronology 
or news report, nor a set of policy prescriptions timed to the 
latest events and trouble spots. Nothing that has to be set in print 
weeks before publication can meet such a task. Rather this is an 
attempt to explain elemenls of the crisis, to explore the underlying 
trends and events that reach back long before {and are more 
profound than) the Arab oil embargo, and to look ahead beyond 
the immediate future with its day-to-day tasks of engineering 
quickly workable schemes for equitably sharing insufficient sup- 
plies with least damage to the U.S. economy. 

The problem of supply is not generally unique to the United 
States, however. Energy prices have always been higher in Europe, 



n8 rvtf^ry tourist pulling up at a j?as pump in France or Italy has 
hmi^ known. Em»rsy import dependimcy has been a fact of life for 
|apan. on a scali* not ovi^n ttlriuimcd of in this country and of a 
degree only modcratciy smaller in most of Europe. Uncertainly of 
enerj?y supply, both in availability at any Riven lime a^d in quality 
of service, prevails through much of the world; most of industrial- 
ized Europe. Japan, and in fact all but a handful of countries set 
along on one-half the per capita supply, or less, of what has 
seemed to be a necessity for Americans, though their growth rates 
in recent years have far exceeded that of the United States. 

Perhaps we are witnessing the closing of yet another frontier^ 
the end of a low-cost, reliable energy supply in the United States. 
In any case, the changes are painful enough to evoke the specter 
of a '"crisis/* 

Energy problems did not hit the country full-blown in 1973. There 
were much earlier hints of impending trouble. Among them were 
the refusal of numerous naiural gps utilities to connect new resi- 
dential customers, and voltage reductions and load shedding insti- 
tuted by a number of Eastern electric utilities during peak load 
periods in each of the past two summers (though none as drastic 
as the Northeast power failure of November 1965, which has re- 
mained an isolated instar.':e rather than the first of a series as some 
had feared). 

Oil customers were affected next. In the late fall of 1972, short- 
ages of heating oil prompted schools and other public buildings to 
close, and Midwestern farmers and their spokesmen in and out of 
Congress began to worry over securing enough fuel to dry wet 
crops and power their implements. By the summer of 1973, distil- 
late and fuel oil and gasoline, as well as crude, were in short sup- 
ply. Sunday or early weekday closings of service stations or "sold 
out" signs on the pumps arc not sights the American motorist 
accepts with equanimity. That indeed spells crisis. 

There were other indications. Electric utilities counseling cus- 
tomers how to "save a watt*' or oil companies suggesting that 
motorists drive more slowly to make each gallon go further herald 
grave difficulties, no matter how much one discounts the adver- 
tiser's inclination to ride the cresi of whatever popular theme 
comes rolling in. Since then, of course, mandatory speed reduc- 
tions have taken over. 

Yet another symptom was the increasing pressure for relaxation 
of environmental standards and controls. Both the automobile 
industry and numerous municipahties pressed for deferment of 
automotive emission standards; utilities sought temporary waivers 
of stack emission controls, largely in order to enable generating 
facihties to burn fuel of higher sulfur content; and high govern- 
ment officials asked environmentalists to be ^'reasonable/* lest a 
backlash develop. Again, government action eventually replaced 



\ol:intarism and ";Hi hm:ism*': viirianci^s in am! postponement of 
4U:hiovinH j)ri*s<:rihrd standards wv.te bocomin« ofriciiil late in 1973, 
At the end of the product line, the consumer s - - and the nation's 
- energy bill has been rising. Long a bargain, electric utility 
rates, as \vt»ll as prlrohnun product pricrs, have started a rapid 
upward climb, not only in the United States but worldwide. 
Whether su<:h chan^t^s are to be considered indicators of crisis 
dopmtls on the context and the observer s background: but on the 
whole one wouUl judjje that \l) these price chauRcs are the econ- 
omy's mechanism of adjustment to changing conditions, and, like 
an ill person s rising temperature, they reflect the struggle to cope 
with the disturbance; and 12) the American consumer, who has 
scf»n outlandish increases in the price of many foods in the last 
twelve months, is not likely to revolt over higher electric bills 
or pump prices, unless they are unprecedentedly drastic and 
sudden. Yet, to the observer of the energy scene these changes 
signal basic maladjustments in the balancing of supply and 
demand. 

ITnless it is a short-term fancy of the kind the American 
motorist has taken to in the past, the surging sales of compact 
cars may represent the consumer's first adjustment to fears of 
higher prices and uncertain availability of gasoline. In the booming 
auto market of 1973, which betrayed no sign that buyers were in a 
mood to abandon their Jove affair with the owner-driven vehicle 
generally, small car sales during the first half of the calendar 
year reportedly constituted 40 percent of sales, up from 35 percent 
during the same period one year ago. Compacts, it is reported, 
sell at "sticker" prices; standard modeU at hefty discounts, if at all. 

The rising tide of public activity offers further evidence that 
something is amiss. For both the executive and the legislative 
branches of government, energy policy has become a major con- 
cern. In less than three months the President has sent two energy 
messages to the Congress, twice addressed the nation on the sub- 
ject, and in November sent Congress a legislative package au- 
thorizing him to take a number of significant corrective measures. 
Organizational regrouping has been frequent but less than radical, 
so far, in the search for an administrative machinery that might 
make a reality out of the old dream of coordination. Long-cherished 
policies like import quotas, eroded in the last stages of their exist- 
ence, have been abandoned with little opposition. The flow of 
government energy research funds has steadily mounted. This year 
it stands just short of $1 bilHon, mostly for nuclear reactor devel- 
opment, and is projected to rise to an average $2 billion a year dur- 
ing the next five years, with somewhat more emphasis on non- 
nuclear energy sources* The federal government is also trying to 
set a good example in efficient energy use. in design of buildings to 
be erected, in the operation of its structures, in the choice and 
management of its vehicle fleets, and in other ways. 



Tho Coiiijrrss, ft)r i4s part, hns horn imnirrsnl in n spntr of 
niisisur^\s lo ropt* with iM)rrj?y prohlonis* Pronum»n! amonj^ thoin 
aro offorls lo: rhiuuiol moro public: funils into imiitj^v rrsiMrr.h and 
dmrlopmi^nt (S,12«3); invrsiifiato compelilivrniiss and 
assorJatiMl hoarini?s); pronu)!<> the Ahiska pipelim?; oslablish a 
Doparlnu^nt ol Natural Ri»soura^s ami or Knurj^y, or sonu? othi»r 
i:i^ntral aKi^iu:y diMlin^^ with inu^rj^y Issues (8,70 and H.R.9090); and 
riHjujro onvironmnntal rhsiranco and licensing for suporports 
jlS,l7r)l]. In addition^ lo^^islalion has hven introduced providing for; 
nmv procnduros conct^rninfi power plant siting S.935); land 

use pbnnins thai would affect just about every phase of energy 
production, transportation, eonvorsion, and use (e.g., 8.268, S.1081): 
ilerej^ulalion of natural ^ns (S.3713: and a national power ^rid 

Finally, beyond the borders of this c:ountry, evrr more frequrnt 
eonfrnntalion between ihv major exporters, banded tojRether In 
the OrRani/ation t)f Petroleum Exnortini^ Countries (OPEC), and 
their customers, and the seemingly unendinj; sirinj; of shorl-lerm 
revisions in lon,q-terni basic compacts have reached their cliuMX in 
denial ()f aro\ss to supplies and drastic, unilateral price boosts, 
with e<:onomic and political ramifications that could easily swamp 
the ent^r^y problem. 

As in every crisis-like situation* an animated search for tho villain 
is under \vay. and wisdom by hindsight abounds. In a country as 
rich as the United States, few are willin^» to believe that the con* 
sumer suddenly faces shortaKc?s simply because demand has run 
up aflainst a real, albeit temporary, problem of supply. It must be 
someone's fault, and it may w^ell be so though the usefulness of 
verification must be judj^ed by its contribution to improved future 
performance. Thn?e convenient targets present themselves: the 
ener^^y industry, the federal sovornment, and the environmentaUst. 
An spen by their adversaries, the first conspires, the second 
bunt^lrs, and the thinl obstructs. The first is a knave, the .second a 
fool, and the third a dreamer. Industry is accused of withholding 
supplies ' and information on their maj^nitude, allej^ed to be much 
greater than reported; thus it creates shortages, hi^l^^r prices, and. 
as a bonus, is able to cut suppfies to — and the throats of - the 
minor performers (independent refiners and gas service stations), 
Govo.rnnumt (in which, on the federal level alone, twenty agencies 
administer cner^^y programs or implement or develop policies, sup- 
plemented by a number of special bodies in the Executive Office 
of the President) is charged with holding down prices, reducing 
incentives, cutting subsidies, and enmeshing industry in a thicket 
of agencies, standards, and regulations, causing profits to decline, 
capital to become scarce, and initiative to evaporate. Environ- 
mrnlaJisfs are held guilty of halting the wheels of progress, fol- 
lowing elitist aspirations, and shunning the "facts of Hfe." 

Not that these accusations are all new. The degree of competi- 



tivfnoss hi»hvri»n components of the energy industry and within 
vi\i}\ bratuih has heen a subject of much controversy for decades. 
i!specian> in respect to the oil industry both nationally and world- 
wide. Recently the assertion of '^effective competition" in the 
natural fias industry has come under f ^e» and the merging of oil, 
coal and u..inium intiJrests in larjge, inclusive companies has put 
in question competitiveness within the energy industry as a whole. 
It is thus not surprisinR that the blame for rising ptices and spot 
shortages should be laid at industry's door. 

Though the preceding survey of the energy scene lays no claim to 
exhaustivoness, it should have established as legitimate a search 
for the underlying trends, activities, or conflicts that have given 
rise to this variety of ever more drastic symptoms. The intercon- 
nections between the identifiable elements are numerous and often 
intricate. What is cause and what is effect is not always obvious, 
and it may not always be possible to make the judgment at all. We 
shall try here only to round up what would seem to an attentive 
observer to be obvious, major, active ingredients of the ^'energy 
problem," though not all firmly established as "facts'* or "find- 
ings;' 

Perhaps most obvious to experienced and lay observers alike, 
demand has outrun supply at prices that have either been regu- 
lated or have risen only with some lag in time; hence, the **sold 
out" pumps, the nonconnected natural gas customers, the schools 
closed due to lack of heat, and the rising level of rates and prices. 
It is in the nature of the energy industry that, once its reserve mar- 
gins of productive capacity have been exhausted, output can 
expand only slowly — that is, over a period of a few years rather 
than months. Anticipating the magnitude of future demand is thus 
of crucial importance and, given the time lag between planning 
and operation, such estimates must be pushed substantially into 
the distant future to serve a useful purpose. 

Whether those involved in the anticipating — in or out of gov- 
ernment — could have done better is a nice question (not limited, 
incidentally, to the energy field, as witness the rapidly changing 
food price predictions made recently by the highly skilled Eco- 
nomic Research Service of the U.S. Department of Agriculture, 
which escalated from a 3 percent increase predicted in November 
1972 to one of 20 percent by August 1973). Let us take oil demand 
as an example. What has pushed it up so rapidly that, instead of 
the approximately 12 percent of consumption to be contributed by 
imports under 1958 limitations, imports by mid-1973 represented 
closer to 30 percent? One item has been the shift of electric utilities 
to oil, highly notable along the Atlantic Coast, and evident in the 
most spectacular manner in the Greater New York City area, 
where Con Edison and Long Island Light relied on oil for 22 
percent of their fuel input in 1960 but for nearly 80 percent in 
1971. For the Long Island company alcae, oil in 1971 represented 



uwr m prrriMit of al! fossil hwl used: il has no! Inirni^d coal since 
im\t dm Kil biirmul its last coal in Ft^hruary i!)72 and is limitml 
in its natural sas uso to whatovor is h^ft owr aftor its firm |?as 
customrrs havi* hvvn suppHtul Controls imposed on omissions 
from fossil4tH*l burnins plants, thn absnnci? as yrt of a com- 
m<?rciaUy \iablt? UM-hnoloi^y for removing sufficient sulfur com- 
pounds from stack sas<\s. and tiRhtnoss of natural gas supplii>s 
havo caused utilities to shift to oil thai meets the restrictions 
imposetl. The effect on pric<>s is not surprising* In the Middli? 
Atlantic region, for example, cost to utilities of oil **as burned'* 
rose 54 percent per barrel between 1969 and 1971, in constant dol- 
lars. In New England it rose 52 percent over the same period. 
Similarly, various industrial users have turned to oil and, within 
that category, to the less polluting, Hj^hter dist^latcs. This in turn 
has caused a tishteninjj of oil available to heating customers. And 
all this before the Arab oil cutoff. 

At the same time, automobiles, which account for nearly 40 
percent of oil consumed in this country, have become less efficient 
converters of gasoline into vehicle-miles. There are several reasons 
for this. More power-consuming accessories on more cars (pcv^er 
steering, power brakes, air conditioners, and. more recently, 
emission control tlevices] are diverting part of the power produced 
from the drive shaft. At the same time, ihey have added to the 
car's weight, so that the same number of gallons will puU the car 
fewer miles. Data in this field need cautious interpretation. A re- 
cent account in the trade press /OiJ and Gas Journal, April 16, 1973) 
reports that between 1970 and 1973 alone the weight of an 
otherwise comparable car has risen by about 300 pounds and that 
miles per gallon for that car have declined from 14 to 11.5. This, 
of course, exaggerates the impact; because of the large stock of 
older cars on the road, ayeroge mileage per gallon has declined 
much less. But the direction of change is beyond contention. More- 
over, miles traveled per car per year have shown a moderate 
increase, after yrars of stability and despite the emergence on a 
laree and rising scale of the two- and three-car family, a develop- 
ment that would have made one expect a drop rather than a rise 
in per-car mileage. All this is apart from the sheer number of 
automobiles, an upward trend that fails to reflect even the begin- 
ning of anything that could be called market saturation. Congestion 
in city streets and on highways adjacent to metropolitan areas 
could well have been another factor in lowering mileage (and 
increasing pollution) per gallon consumed. 

All these factors have boosted demand for one or another of 
the oil refinery products. At a compound rate, gasoline demand 
rose by 2,6 percent per year from 1960 to 1965: it has risen at 
4.5 percent since. Indeed, from 1967 to 1972 it rose by 27 percent, 
or 4.9 percent per year. Consumption of middle distillates in- 
creased even more rapidly, by 5.2 percent from 1967 to 1972; and 
demand for residual fuel oil. the one-time Cinde-ella of refinery 



pi<jtJu€ts ihint hi^d rison by barrly 1 percent per year from 1980 to 
1!H)5, shot up by im annual rate of 7,2 percent over the latest 
five-year span. This is the story for 1972. in percentaRe increases 
over 1971: gasoline, 6.0 percent: distillate, 8,5 percent: residual 
fuel oiL 10,1 perf:ont : total product demand. 7,3 percent. 

Yet these snnvth rates are moderate compared with those that 
have prevaih>d in the rest of the world. Demand for gasoline in 
Western Europe has risen by an annual 10,8 percent during the 
decade ending in 1972; for middle distillates, by 12 percent; and 
for residual fuel oil by 9.2 percent. Comparable figures for Japan 
are 8.8, 10.3, and 17.8 percent, 

■ In the Ihiited States, recent increases in consumption have no 
match on the supply side, no matter what measure one selects. 
Leadinj; oil states like Texas and Louisiana now are lifting oil at 
essentially 100 porcent of rated capacity — that is, capacity cal- 
culated at a rate of extraction designed to result in maximum 
economic recovery, with none to spare. Through 1972 the trf>nd 
of exploration activity and drilling was down, while refinery con- 
struction increased only slowly. Drilling activity, for example, 
measured in well completions, had by 1972 declined to the level 
of 1946. following a sharply rising trend that began in 1948 and 
persisted throuj^h 1950. when completions had almost doubled 
over the number recorded eight years easier. As a result, reserves, 
as defimul in the intlustry statistics, have declined absolutely, and 
even more drastically as a multiple of production. The 1973 turn- 
around in gas drilling activities is encouraging but too recent 
to evaluate as a guide to future events. 

In its most generalized form, the strong demand situation is 
reflected in the relationship between energy consumption and 
gross national product. Widely commented on, insufficiently under- 
stood, and variously explained, growth of energy consumption, as 
measured in the heat content of primary fuels and the fuel equiva- 
lent of hydro and nuclear power, outpaced that of the economy 
between 1967 and 1970, leveled out in 1971, fcnd fell behind 
economic growth in 1972. The significance of this most recent 
decline in the energy/CNP ratio, which in more normal times 
might have been seen as heralding a return to the long historical 
trend, is quite uncertain, as the rate of growth in energy consump- 
tion may come to be forcibly reduced rather than determined by 
market forces. 

Promising new avenues of supply expansion have nanowed or 
closed altogether Offshore drilling received a heavy setback from 
the Santa Barbara Channel spill Existing wells had to be throttled 
and new ones could not be drilled. Moreover, the event cast a 
shadow over offshore drilling as a whole, particularly threatening 
to future supply in view of the richness of the oifsfaore fields and 
their rising relative role in recent years (from 4.5 percent of total 
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c:rude juul cninJensat*^ production in IflttO to 16.4 percent in 1972). 
No lt?ss sigriiicant has been the delay of production of the 
Northi^rn Alaska TwhL Tho merits of ih« two cases aside, had 
offshore drilling and producing continued as fcrcscen and had 
North Slope oil come into operation^ these two sources could have 
contributed about two million barrels per day by now — sub- 
stantially more than 10 percent of demand, or more than a third 
of current U.S. oil imports and thus roughly the equivak'jit of 
direct and indirect impf)rts from Middle Eastern sources. More- 
over, production of North Slope natural gas on the heels of that 
of oil would have eased the demand that oil make up for the 
natural gas shortage. 

Associated with this slowdown in domestic production is a 
i-ecoril of declining reol energy prices, masked by price increases 
measured in current dollars. Thus a barrel of crude oil was worth 
S2.60 in 1948 and $3.39 in 1872, with only a slow upward trend 
until the very recent rise. In constant {1948) dollars, however, the 
1972 price reached not $3.39 but $1.85, for a decline of about 50 
pernent during the quarter century. To put it differently, any 1972 
price below $4.75 per b^-^rrel represented a decline in the real 
price of oil since 1948. At $3.39. oil in 1972 lagged about 30 per- 
cent behind the rise in the general price level. 

The price decline was even more pronounced in coal, which, 
beginning in the mid-sixties, had come under the cloud of tighten- 
ing environmental regulation of both mining and combustion 
practices. At the same time, coal's price in constant dollars had 
declined by some 40 percent between the early postwar period 
and 1970, then increasing very sharply as a number of phenomena 
created a sudden shortage of coal, specifically of low-sulfur coal — 
though here again the long slide in coaVs real price must be taken 
into account when contemplating its subsequent rise. Recent price 
increases ire most dramatically revealed in company annual re- 
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lM>r!s, Vm rxaniple, Ponnsylvnnia Power and Light registered a 
rist^ oJ per mUli m Btu of fuel purchased between 1970 

and 1972: ?)i?troil Kdison. of 11.1 cents over the same period. Other 
companies show similar trends. Only the price of natural gas had 
advanced in real terms, but that advance had been accomplished 
by the late Rfties, 

To a considerable extent, then, recent events in the price arena 
mark the end of energy as one of the great postwar bargains. 
Other factors have» however, aggravated the situation. One of 
these, already mentioned, has been the slow pace in refinery 
construction, most pronounced along the East Coast, where no 
new refinery has been built in the last fifteen years and capacity 
has in fact htcn declining since 1961. This trend is frequently 
blamed on environmentalist opposition, perhaps because such 
episodes as protracted and hitherto unsuccessful attempts to 
locate a refinery in the state of Maine give high visibility to the 
activists. However, not only does the condition precede public 
environmental concern, but other factors — mostly within control 
of the government - - are probably involved. Import limitations 
and uncertainties as to their duration and character, possibly 
capital lightness following the reduction in the depletion allow- 
ance, the suspension of the investment tax credit, tax advantages 
for location offshore, the uncertainties concerning the type of 
gasoline to be marketed {role of lead), and the rising difficulties 
of obtaining sweet (low-sulfur) oil, which the bulk of U.S. re- 
fineries are built to process, have all at one time or another 
contributed to ihe failure of refining capacity to keep pace with 
rising demand. Actually, refining capacity has not stood still, 
even in the most recent past. It rose by about 4 percent annually, 
from 1967 to 1972. and by 1.2 percent from 1971 to 1972. In the 
face of rapid demand increase, however, this limited expansion 
was not nearly sufficient, and the late sixties saw a rising de- 
pendence on product imports. Even if fully implemented, and 
assuming access to additional crude, the wave of recently an- 
nounced planned capacity growth cannot soon remedy this condi- 
tion. 

All the foregoing might not have conjured up the idea of a 
generalized "enirgy crisis/* had it not coincided with substantial 
delays in the expansion of the eleciric power industry. Here, too, 
the reasons were manifold, and it would be wrong to hold en- 
vironmentalists solely or even largely responsible. Rather, as 
many had anticipated, the nuclear power industry has been 
plagued with childhood diseases, including unsuspected technical 
problems, poor workmanship, congested order books, strikes, and 
other delays not peculiar to the power equipir. nt industry but 
acutely felt in conjunction with other delaying events — slowness 
of the licensing process, multiplicity of agencies involved, and 
time-consuming tests in the courts. These, together with the 
concern of environmentalists about routine as well as accidental 



omission of riiilionctivc subslancns^ safe management of disposed 
inali^ri^iK ihrrmal pollution of lakes and rivers, and the like, have 
slowed down the planned expansion of the industry* 

Nor were there ready alternatives. Supplies of natural sas, the 
"«:lean furl" par excellence, were b<H:onHn8 increasingly tight. Its 
use as h(uler fuel once again was frowned upon, just as it had 
been somt* twenty years ago. And indeed, as mentioned above, 
gas is the only fuel that has registered an increase in real price, 
primarily because it had been so drastically underprlced when 
first coming into use as a by-product of oil extraction. Even in 
1972, its w*ellhead price of approximately 20 cents per million Btu 
compared with 30 cents for coal (at the minemouth] and 60 cents 
fior w:^Uhead oiL 

Regulatory policies have played a part in perpetuating the price 
differential, keeping the price of gas below the level at which the 
market would be cleared without the "shortage" phenomenon that 
now prevails. Not that there is any agreement among students of 
the subject on how diminished regulatory control would affect 
development of new reserves, or production. Some expect it 
would result in greatly expanded exploration and development 
activity, greater production from existing reserves, iind somewhat 
reduced demand. Others believe that, although production might 
rise as exploitation of high-cost reserves became profitable with 
higher prices, reserve development would be little affected, since, 
in their judgment, the current shortages are due not to l^ck of 
reserves but to deliberate suppression of productive capacity, ex 
lending even to the "cooking" of relevant statistics. Whatever 
the cause of dnficient supply, there is no disagreement over its 
consequences: a substantial amount of unfilled demand at the 
prevailing, regulated price of natural gas. 

As for coal-fired boilers, a reliable, commercial process for 
desulfuri?:ation has yet to be demonstrated, occasional reports to 
the contrary notwithstanding. Utilities have thus been reluctant 
to commit funds to coal-fired plants, an attitude strengthened by 
the judgment that problems attending nuclear generation will in 
time be solved and that the nuclear plant thus represents a wiser 
Irng-term investment. The lopsided allocation of research and 
development funds, with the overwhelming emphasis on nuclear 
energy, has not helped matters. Current efforts at correcting it 
would bear fruit only in the years to come. 

Nonetheless, there are tenuous indications that, of the many 
problems besetting the energy industry, those that have slowed 
down the electric power industry are perhaps receding in severity. 
Roserve margins, a good indication of the industry's physical 
capacity, are lengthening ever so slightly. In the summer of 1973 
they reached 20.4 percent for the industry as a whole — up from 
19.8 percent a year ago; barring new delays or some basic 
blockage, they could be climbing toward 25 percent in the next 
two or three years, as government efforts to speed the licensing 




^.,„,,..^^i'^^f^^t:^^^^^ and nmv pl;mt8 nomc on strriim. On Xhv. 
olhvT hiu\i\, i)ro(:isrly l)tH:.nisr a ^r<*at mmy of tho larsc {800 to 
1,200 Mwe) nut:h)i^r plants will hv rnlorin^ sorvico, onr should be 
proparod for iniploiisant surprises as oprratinj^ ox])pripnce is 



Asainst tho factual background ski^tchod above and refli^cted in 
phenonuMia incTrasin^ly visible to consumors, l<^t us summarize a 
nund)nr of issui^s that theso ibnolopmonts havo placod on iho 
aj^rnda: import di?pendonc:<\ i^xpansion of domestic capability, and 
tMivironmontal trado-offs, 

Howiner. imv, Uni* ol attack is porhaps bt^st doall with in ad- 
vance brcauso it paraUids whatever elso is don<?. That is the multi- 
tude of possible efforts \v, have enerj^y, wherover and however 
produced or <;onvt^rted, uiiliy.ed more efficiently. Some results 
misht come quickly, such as n turn to car-pooling and maximum 
use of available mass transit facilitit^s. Hishter j^asoline prices, 
rationin^i^. or a combination of both can assur<^ reduction in 
consumption. So will other ^:iovernm(mtal moves, authorized or 
iniliatini in mid-Nnvemh< r. On the other hand, to expect that ap- 
peals \o voluntary 4u:nnomixin5^ will brinj^ substantial results is 
])erhaps to risk disa]ipointment. Partly, one deals here WMth indue- 
ini^ chan^^e in deeply entrenched habits not likely to yield swiftly, 
and with chan.uin\^ the nature of producer and consumer du'-'ddes 
where annual output represents only a small increment to n \irt^e 
slock wh«)se built-in performance characteristics will tend to resist 
the achievement of emTj:y-savinj^ praclices. Partly, the political 
process shrinks from imposinj^ u .opular demands on the citi- 
zenry. Partly, a whole arsenal of institutions would have to be 
radically altered in order to work as enerRy-saviuR mechanisms. 
Moreover, the link of the individual's action to, or abstention 
from, the bi^^ picture may be too tenuous to rely on for motiva- 
tion and achievement. 

Nonetheless, there has developed a lively discussion arcund 
what is often referred to as "energy conservation," Price increases 
alone can be expected to slow down demand, thouj^h our scant 
knowled^^e of price elasticities of energy as a whole and of its 
components suj^j^ests more about the direction of change than 
about its likely mn^nitude. We know that consumers purchase 
energy in driblets. This diminishes the demand-reducing effect of 
price increases. More potent deterrents, such as progressive taxes 
on energy-consuming durables, especially automobiles, have come 
into view but not as yet into operation. Changes in transportation 
patterns (mass vs. individual media], buildings that minimize heat- 
ing and cooling requirements, and other modifications of major liv- 
ing arrangements tend to have long incubation periods. Nonethe- 
less, marginal adjustments are taking place even now. Reductions 
in airplane cruising speeds, the reported buyers* shift to compact 
cars, and producers* intentions to respond by shifts in their output 



mix nre oxamplrs. The rffrctivonrss of ^idmonitions to mhico 
ihivinj^ s})oo(ls on hii^hwnys, on ihv o\hvT hand, has quickly siven 
way to mandatory reductions in official spwd Uniiis. Aho^^'thrr, 
gradual socially moiivatod chanj^os in behavior, not to he con- 
fused with the fashionable and iil-defined label of * changinj* life 
styles/* are not to he discounled. Settinj* the thermostat a couple 
of decrees hiyher in summer and lower in winter, or doin^^ with 
less illumination in offices and at home co\dd well be contagious 
respcmsi^s to social pressure. Beyond tha*» chnnRos in arranj>e- 
ments for shelter or transportation or for meshinj* the wnrk-home- 
leisure pattern in a society built ati^und abundance of space an<l 
enerj^y should not be expected to come rapidly or massively, 
thouj>h there is room for arj^ument and for contribution from the 
academic disciplines. Moreover, it is probably true that improved 
efficiency in use is the one area that can improve the demand.^ 
supply balance in the short run. 

Hntil November 1973. nobody doubted a continuinj^ shift in sup- 
plies from indij^enous to foreij^n sources, involving principally oil 
and, to a lesser degree largely because of technological newness 

- natural j^as. Its maj^nitude and duration were Ipss easily a^^reed 
on. Nor was it asserted that there were immutable factors at work 
and no possibility of reversals. On the contrary, the new devotion 
to ener^^y research and development, symbolized by the 5?overn- 
mrnt's vvillinj^ness to fund it at the annual rate of $2 billion, was 
re^^arded as likely to provide the pivot on which the j^rowinj^ 
dependence could eventually turn around. The cutoff from Middle 
East oil has made import dependency a burning issue and shifted 
the focus of the debate. 

Concern over import dependency is not new. In its most conven- 
tional form it rests on considerations of national security. It asks 
what degree of dependency, and therefore vulnerability, is tolera- 
ble, and what alternatives exist for ensuring adequate security in 
the face of growing dependency. 

Such concern has gradually extended its scops. In the future, 
security is likely to be more broadly conceived — as reliance on a 
minimum flow of energy materials to feed the economy as a whole, 
not just the defense machinery or the economy in times of war. 
In that perception, two strands can be distinguished: (1) the im- 
pact on the nation's foreign trade and payments balance with 
implications for broad-gauged competitiveness in world trade, 
and {2] the effect on United States foreign policy in a world where 
competition for fuel easily becomes a major disruptive influence 
among friends (Canada, Western Hemisphere. NATO, Japan, etc.) 
and a potent determinant of the existence and strength of new 
alliances. 

Relations with OPEC countries located in the Middle East and 
along the southern shore of the Mediterranean have, for many 
years, been heavily affected by energy questions, but that was 
principally through the medium of security for Western Europe 



;hmI !ho rah «f U.S. i:«nipaniOS as operators in thai par! of the 
woria. Now and in thi^ fuJurr. iho far more tWrori impact of oil 
(and j^as] supply tt) iho U.S. markol ami tho impairment, if not tho 
loss, of AnnMii:an ability io h*>lp Woslorn Europe and Japan over- 
t:umr sudilon supply iHffir.ultirs by roachins into current It.S. pro- 
d\u:tioti will v^ivo now iinpor>an<:r and urRi^ncy to the* forin^n 
polii:y aspiM:!. At lh<^ sann» tim<\ how thr oxportinR nations will in- 
vest thoir i^rowinji oil rrvonui\s, assuming that larso oxports will 
takt* p]a<:o rven if not at rates desired by many potential cus- 
toniers* is an altoj^ether new. and so far unanswered, question. 

Of equal novdty is the idea of the USSR as a large-scale sup- 
plier of energy, in this instance natural fias, to the United States. 
Here secnrily considerations of a different kind are bound to 
j^eneratp searchinR debate. Finally, rethinkinj^ the security concept 
will become necessary in the wake of recent evidence that 
Canada is reluctant to remain an unquestioned reserve pool for 
U.S. needs. ' An important policy question/' a recent Canadian 
government document states, "relates to whether ener^^y resources 
which may be surplus to Canadian needs should be developed 
for e\]^i)r! to what appears to he an insatiable U.S. and world 
market." The customary assumption that U.S* dependence on 
foreign supplies is acceptable as lonfi as such supplies are located 
in adjacent areas, or at least within strategically easy reach, could 
<:nme in for review, modification, and per) aps abandonment. 

Viewetl in isolation as a purely economic phtinomenon. the trend 
toward obtaining a j^rovving share of encr^^y supplies from abroad 
should not j^ive rise to j^rcat concern. It is a stage in the cycle of 
development and foreign trade, through which other commodities 
have passed at other times and in other places. However, not only 
does U.S. demand pressure hit the country at a time of precarious 
foreij^n trade and payments circumstances, it coincides with 
similar pressures in the rest of the industriahzed world; both 
Western Europe and Japan depend on imported supplies to a far 
j^reater tlegrec than docs the United States. Indeed, Japan is 100 
percent import-ilependent on oil and derives nearly 80 percent of 
its coking coal from abroad as well. Moreover, the 1960s have 
witnessed a radical swing in both Western Europe and Japan to 
oil as the primary energy source. Thus, plans for "sharing" were 
looked at askance by Europe and Japan even before the Middle 
Fast war. while now there is less to share and less willingness to 
do so. As a result, the world's oil producers find themselves, for 
the time being, in an unprecedentedly strong bargaining position, 
which has imabled ihem to convert rising demand into rapid price 
an<l revenue increases. Even if trade relations should return to a 
state of normality, such revenue increases will have affected the 
economics of expanding production (why sell now if prices will 
continue to rise?) and reduced motivation in terms of collecting 
more revenue {what is to be done with the already snowballing 
billions of dollars that may by the end of the decade total $30 



hillinn ur imirr?). 1*hus,.inrn slorply risinR prices may not be ac- 
t:onipdniiHl by a s,j1jsia<:tory expansion of <:rudo oil supply from 
somt? rt>n?i)^n snurrrs. Hij?h prii:rs ;intl ino<li»ra1<? <?xpor1s, if iho 
cartrl holds, could an allrnctive alti^rnalivo. Nor arc? ri?fined 
produ<:ls availabh? on short no!iri\ <?von under normid conditions 
of supply: espinually nul >^a,solini\ which roproscnls only 12 per- 
cent or so of the Kiiropean rofinory mix versus nearly SO percent 
in the United States. 

■ A decision to combat j^rowing import di^pcndence has its correlate 
in policies designed to increase the contribution of domestic 
sources, with careful attention b<?ing fiiven to the relative costs 
for the economy as a whole. After all, attainment of a greater 
de«ree of self-sufficiency could easily ht self-defeating if it imposes 
burdens on the rest of the economy that would reduce its strength 
and competitiveness. Although the nation has lived with almost 
total import depend<?nce as a ' fact of hfe" for materials like 
nickel, manganese, chromium, and bauxite, and has carried on 
only modest research to probe potential domestic sources or new 
substitutes, one cannot realistically expect a similar attitude when 
the phenomenon shows up in basic energy materials. 

In exploring avenues for expansion of domestic sources, it is 
well to distinguish between short- and long-run means, where the 
noxt decade, say the years through 1985, may be considered the 
short term. In the latter context, the resumption of oil and gas 
production from offshore sources, under appropriate environ- 
mental safeguards and guided by the lessons of past accidents and 
their consequences (still a controversial area], comes immediately 
to mind. So does the completion in one way or another of the 
effort that will bring Alaskan oil and gas to the West Coast and/or 
the Midwest. 

Less controversial but often neglected in the ardent search for 
new zones of production are advances in the art of finding and 
recovering oil and gas. It has been ahnost ritualistic for students 
of the industry to assume a steady climb in the ability — and the 
practice based on it — to locate producing zones and. in the case 
of oil especially, to recover increasing portions of the material 
originally in place. Instead, we have v^itnessed a decline in ex- 
ploration and drilling and little progress in bringing more oil to 
the surface. Much of the liveliness of research in the mid- and 
late fifties, when new recovery methods were engineered and 
tried, and hopes were high for bringing 50 percent and more of oil 
in place to the wellhead, seems to have gone. The anticipated 
fruits of satellite surveys to locate new zones also have been slow 
in maturing. Increased attention to exploration and recovery tech- 
niques as a short-term measure has consequently been suggested. 

Since U.S. coal reserves are measured in hundreds of years, 
even at rising annual rates of consumption, achievement of a 
"clean-burning" coal would seem to be of utmost importance. As 



BEST COPY AVARABU 



has iilrrady boon staled, trchnoloj^y has la$?Red in developing a 
prncoss that would make such co-d less costly than desulfurized 
nil or natural rhs. Success would quickly lead to an easins, if not 
a solution, of a major supply problem and is well within the focus 
of the short term as here defined, though not an instant remedy as 
is sonuMimes easually assumed. 

Ham! in hand with greater t^mphasis on technologies that 
promise short-term gains go incentives and policies designed to 
make the search for and use of such innovations attractive to 
producers. Whether there should be a more relaxed — and perhaps 
even positive — attitude toward price increases that reflect change 
ing supply demand relationships and must thus be distinguished 
from "inflationary*' factors ^ whether, and what kinds of, special 
tax treatment, credit, allowances, etc, are indicated; whether there 
should he, as in the case of natural gas, less public regulation: 
whether and how federal funds arc to be used to supplement pri- 
vate efforts - these arc just a few of the questions that will be in 
the forefront of discussion. Research will bring others to light, 
and in their consideration controversy will abound. The oil in- 
dustry, for example, has traditionally been eyed with suspicion by 
a broad segment of the public. Suggested incentives for better 
performance in order to achieve expanded domestic capacity are 
likely to be critically scrutinized; today more than ever, promoters 
of exlrnctive activities must demonstrate that these are in the 
public interest. Nonetheless, energy conservation aside, enlarged 
domestic oil and gas producing capacity presents the major, if 
not the only, short-term antidote to increased import dependency. 
Policies designed to support it and research activities to guide 
policy therefore deserve great attention. 

■ Truly new energy sources or conversion methods to replace those 
approaches now narrowed or closed altogether by environmental 
problems arc apparently not around the corner. There is little 
dissent from the judgm( that coal conversion to either gaseous 
or l^nuid form, to supplement petroleum and natural gas supplies, 
will not make much of a contribution before the early or mid- 
eighties. Moreover, should drastically higher prices elicit an equally 
ilrastic supply response from oil and gas producers, the early 
need for producing liquefied or gasified coal would greatly 
diminish. 

The technique of extracting oil from bituminous sands is now 
well advanced, though the largest operation, begun in 1967 in 
Canada, is yet to break even financially. No sand zones comparable 
to those of Alberta have been identified for early development in 
the United States, nor are there moves to proceed in that direction. 
Thus, expansion will come in Canada, if at all, and its benefit for 
the U.S. energy economy will at best be indirect. 

Such indicators as rising crude oil prices, proposed lease sales 
of rich shale oil land by the Department of Interior for construe- 



thin of prolotypi? shale oil plants, and various economic studies 
sui^Host thai tht> start of a shalo oil industry could hv, in the oHing. 
Sinnlar indications in thv, pa.st, however, have come to nothing. 
Moreover, there are still unresolved environmental issues concern- 
ing the development of oil shale. A cautiously optimistic vievyr 
appears warranted at present, hi the long run* lack of processing 
water may limit the size of a Rocky Mountains shale oil industry. 

Any impact on the nation's total energy supply by most remain- 
ing technologies is probably even further in the future, not except- 
ing advanced nuclear reactors — specifically, the breeder. Given 
the time it has taken nonbrending reactors to come into their own, 
as well as the fact that a breeder prototype is only now beginning 
to be engineered and put in place, a significant contribution within 
the next fifteen to twenty years is excluded. Even '*shelf-item*' 
reactors now have a lead time of eight years or more. Recent 
ord'^js placed by utilities generally specify operation no sooner 
than 1980. In a March 1973 tabulation of nuclear plants on order, 
in instances where the vendor of the nuclear steam system had 
hern specified, twelve out of thirty-three units that had submitted 
their construction-permit application listed planned commencement 
of operation in 1980 or 1981, Of forty-seven orders for which 
construction-permit applications are only in the preparatory stage, 
thirty-seven listed the start of commercial operations in 1980 and 
beyond, some as far ahead as 1983. Finally, a group of fifteen 
orders for which no vendor had been chosen showed that all 
were scheduled to commence operation in the early 1980s. Against 
this background, to set the time of the first operating commercial 
breeder reactor even as soon as the middle 1980s is perhaps 
optimistic, especially since adverse environmental considerations 
and arguments have yet to reach their full flowering. 

It follows that the timetable for the emergence of commercial 
power derived from fusion is likely to take us into the next century. 
Nor is success a foregone conclusion. This does not, of course, 
say anything about eUher the timing, magnitude, or provenance of 
research and development funds. Uncertainty of eventual success 
and a long lead time are merely to be considered in setting prior- 
ities, in conjunction with the likely impact of successful outcome 
and the capacity of the research community effectively to digest 
rising funds at each stage of work. 

Both geothermal and solar energy are properly considered "new 
sources." since their present employment is spotty; it takes place 
under unusual circumstances, as far as geothermal is concerned, 
and on a more or less experimental basis in the case of solar 
energy. Though these two approaches, unlike fusion, are techni- 
cally feasible today, they are likely to be important supplemental 
sources only in the more distam future. At the same time, greater 
attention to the untapped potential of the earth's inner heat has 
already given life to a wholly new concept of exploiting it: the 



sinking of dorp shnfts, possibly blnstins the hoks with nuclear 
drvi«;rs, and utili/inji \ho hral of \hv rock mass<^s to turn in- 
wairr into sttsim, to he raised and used in ronventinnaJ 
j^eneratlon. As a new technolosy, befiinninj? to be investigated in 
the early 1*170?;. it is not Hkely to have an early pay off equaling 
that of s}iah\ tar, or i.oal i:onversion but, if mmmereiany viable, 
it could eome into play durin« this century. In several respects it 
is more attractive than traditional seothermal energy. 

For ^ood reason, solar energy has draw^n increasing ^Mention. 
Above all, at least on a jiiobal basis, its use would essentially free 
us of the thermal discharge penalty. It would thus nei around 
atmospheric and climate problems ami olniate limitations of 
energy use as an ultimate 'iimit to growth/^ Technology, however, 
is far behind the expectations aroused by popular writing. Even 
the more feasible applications of solar energy for heating and cool- 
ing residential and other structures would require major 
chanfies in building? desi$?n, practices, and associated institutions. 
If adopted, it would j^ain importance slowly with the accretion of 
new housing to the existing? stock, and probably not without a 
determinrtl ^governmental drive to assure acceptability and a mass 
market. This dees not promise early relief for the prevailing and 
expected future ti)2htn«*ss of heatinj; sources. As for electric power 
from solar energy, the conversion efficiency of the various devices 
so far desij^ned is still exceedinj^'ly low. St)me of these devices 
require lar^^e land surfaces, others outer space bodies, and none 
so far seems to have n^ached a degree of economic feasibility akin 
to that of most other novel technologies. 

■ To sum up then, expansion of domestic capability in the near 
future will depend principally on (1] establishing effective incen- 
tives for exploration and discovery of oil and gas resources as yet 
unidi*ntificd, and for more efriv':ient recovery of those already 
known and developed: (2) bringing into operation, with accepta- 
ble environmental safeguards. Alaskan and offshore resources, and 
whatever other occurrences might be revealed; and (3) expanding 
the use of coal fas coal) so as to widen its application within 
acceptable limits of environmental impact* 

Beyond these measures lie resort to oil shale and tar sands, the 
latter necessitating an understanding with Canada; to coal conver- 
sion; to the breeder reactor: and eventually to geothermah solar, 
and fusion energy. Not all of these are technically proven tech- 
nologies, nor will demonstrated feasibility necessarily lead to 
utilization. Coal conversion and shale oil production will have their 
timetables strongly influenced by the response of oil and gas f-'o- 
duction to changes in incentives. Successful shale oil extraction 
might for a long time push coal conversion into the background, 
or vice versa. Thus, which items will be picked from the offered 
menu is as yet uncertain. 



Him ,uJso onvsrontni*nlal concrrn aiul action havr hrnonin so 
hi^jhly i1 is oasy It) <^\aj4«i»ra1r \hvir c:onsliaininR impact in 

Iho i:uiTo?it rnoruy situalion. Fur r\aniph\ a niidiNir p()\vt»r pJant*s 
sdirtlulo iii»]ayod by caroloss nuinufart«nn« miMhods is much 
loss dramatic or dramali^rd than court action by an advocair 
t^roup. Yot axailablo data so.i^5^ost that fowrr delays arv catist^d by 
advocate j^nnips than by to<:hn4)losical and onjiiniHvrins probh>m!; 

not surprising. afti*r all. in a now tochnolosy whrrr rapid ex- 
pansion has not \vaU«*d for ancumidation of oxpi»rionc«\ Mutatis 
mutandis, omissiim control devices tend to hv blamed for hisher 
j^asobno consumption and, therefons for shortasrs, when body 
weight, air conditioninj? and other ndd-ons. speed, and congestion 
an* \:reatrr nuhiirers of efficiency. 

This is not to say that h\ci?ilation during the l<)r>Os, the adminis- 
trative machinery now in place at the federal, state, and local 
levels, and the intervention of the courts have not sisnificantly 
slowed the execution of enerj^y-producinj^ facilities; in this sense, 
the merj^y sci*ne is probably the segment of the economy most 
heavily affected by environmental policies and considerations. But 
this is not the place to lay out the many areas involved, that 
tenuous chain of Ivoowledj^e and reasoning?, from emissions to 
ambient quality of air. land, and water, to impact on receptors, 
to quantifiable ilamaRe, to the relationship with benefits conveyed 
by tht* eneij^y )Ut)du(:in3, transj)or!t»d» and consumed. 

Since the national jqoal of "abuniiant, reliable, low-cost ener^jy*' 
must incbule in the cost column those costs external to the pro- 
ducer or consumer, the low cost is becominj? a not-so-low cost. 
Safej!uards. risk^reduci delays, slopj^nps, and less energy- or 
material-efficient routes uud to cost. How far to carry these trade- 
offs is a matter of legitimate disagreement. Value judfiments pre- 
vail, the more so as even the underlyina data reRardinj? damage 
attributable to environmental impacts are often in controversy. 
The effect of the resultinjc; cost and price (or rate) increases on 
income distribution and on competitiveness of Riven industries or 
activities, in both domestic and foreijjn markets, is calculable up 
to a point, but what to do about them is a political decision. 
Questions abound. l!ow safe is safe, and how costly is costly? 
To what extent are these researchable questions? And are they 
researchable only in terms of past human experience or with 
reference to some objective standard? 

Frequently, the advice given in these matters is to act **pru- 
dently/* How does society conform to the prescription? How far 
can we get with another generalization that explicates prudent to 
mean ^ preserving the maximum number of options'*? Can society 
always know when it is foreclosing one? And how docs it choose 
among options? The choice is hard enough when only technological 
alternatives are at issue: coal vs. nuclear energy, supertankers vs. 
pipelines, or power parks vs, plant dispersal. But comparison 
must also be mnde between benefits that accrue from abstention 



from m:\um and Ihi* cost of shoririills thai mijjht muil, between 
this jjrnrrjUion inut lh<* ni^xt. bt^lworn this i:ountry «nd others. 
"Will Alaslvan oil he kepi in the j^round/' Senator Jat:l<son asked 
in his July *Mh press ci>tdereniH\ "while the American people are 
runninjj short How short is short? one wonders. What are the 
relr\,uit < os!s? And who. l^y what means, is to bear them, one 
way or the oth<*r? 

In a much broader framework and ovrr the hm^i nm, the two 
tpjestions an* |1) how wi* can aj^ree on the point up to which we 
wish to ti,;de additional or lower-cos!, energy for environmental 
quality, imd Vd] in what proportion different groups in society will 
shar- the costs that inevitably flow from trade*o!T decisions, no 
matt *r where atony the spectrum they are nuule. While consider- 
ahle thought has be m devoted to. and action taken on, the first, 
litth* thinking has gone into the second, To the extent that the 
f nst increases pass through the pri<:o system, one may wish to 
^imit action \n areas outside tht? price system (via ni*gative income 
taxes, for example, or other income-rqualizing devices). Where 
rrg\dato*^y processes are involved, howf^ver, oVf*rt dpcisions must 
hv nia<le, autl it is hardrr lo kerp a hands-fiff attitude (hem^e, for 
example, the demand ft)r the "inverted rate structure," though Ous 
may find justification (piite apart from considerations here men- 
tiunedj, Vhi*re domestic sup])lies are depressed in favor of im- 
ports, delelrrious consequences by way of foreign px(,)iange ad- 
justments an* prcdiably too indirect and diffuse in their impact to 
allow cr>m])imsalory policies to offset the damage to specific 
groups. 

bow-cost energy has been an integral part of American economic 
history: but as the example of some European countries shows, 
comparable levrls of per capita income can be reached with much 
J owrr per capita energy consumption. It is neither feasihle nor 
rewarding to reconstruct America's history under hypothesized 
conditions of higher energy costs and lower levels of energy 
consumption. But it is feasihle to con!«miplate with equanimity a 
piolcnged period during which enerj^y costs will be higher, utiliza- 
tion more efficient, and consumption patterns somewhat different, 
all without a profoun«l sacrifice of welfare, though surely with 
temporarily painful adjustments and crisis-lik phenomena. Pos- 
sibly such a period may be followed once again by one of low 
cost and abundance of energy, if nnd when the technologies of 
either fusion or solar energy havo been solved. Environmentally 
attractive and basically unconstrained by "fuel availability/' solar 
energy would elimina**? even the problem of excessive cbscharges 
of heat to the atmosphere: fusion might ease it. What new tech- 
nological an<l environmental problems we might encounter wc do 
not yet know; but experience has taught us to expect them. The 
first priority is to ease the energy problems now crowcling in. 
and likely to hv with us for somn years at least and to do so in 
ways that will not obstruct lon«-term solutions. 



BEST COPY AVAIIABLE 

A Summary of the Year 



Once aigain, energy and environmental quality were the principal 
pivots of RFF research, but this time in the context of an acute 
national concern with immediate measures, and wider awareness 
of Xhi\ \on^ shadows cast by policy decisions. During the 1973 
program year, RFF rei>ponded to the mounting crisis atmosphere 
in the manner most appropriate to a research institution^ — by 
int*?nsified elTorts to brins inlrlJectual tools to bear on the array 
of problems. Manaj^oment of residuals, energy conservation* off- 
shore oil drilUng, the atmospheric environment, wilderness and 
wildlife, coastal y.one management, forest policy, nuclear power, 
and metropolitan governance arc only a partial list of the inter- 
woven issues dealt with in the careful and patient analytical 
process which alone offers society genuine advances. Examples of 
cooperative research programs with private and governmental 
institutions, both here and abroad, multiphed during the year. In 
each of RFF*s major activities, fruitful results were made more 
likely through joining of hands on specific projects with interested 
agpncies. 

■ U.S. energy supply options were the subject of intense study in a 
special program financed by the Ford Foundation as part of its 
Energy Policy Project. A report on energy research and development 
was prepared for use in the national fuels and energy policy study 
being conducted by the Senate Committee on Interior and Insular 
Affairs, Energy consumption trends and energy conservation op- 
portunities in the New York City metropolitan region were the 
subject of joint research by RFF and the Regional Plan Associa- 
tion of New York. A seminar on energy modeling was held for 
scholars engaged in this field. A study to identify social science 
research needs in the energy field was undertaken at the request 
of the RANN program of the National Science Foundation. Work 
proceeded on a study of U.S.-Canadian energy trade, A major 
work on the world petroleum market was published. At the 
request of the Council on Environmental Quality, a report on 
problems of outer continental shelf drilling is in preparation. 



■ M,ijor portions of RFF rosi^^ri:h in thv qiuiUty of th<> iMivironment 
rr,n:hrd, or \v<to i;1os<^ io. tannph^tjon, Thn?i^ stiaHos of roFitiiiids 
inimajionn nl in industry aluminum, stwl s<:rap. \v;isti> papor - - 
woro in finishinl manuscript form, whih? a fourth, on potrohnim 
ri»rniinfl, apponrod in book form. Two hasii: toxts on tmvironmrntal 
m:onomii:s wvro in proiu^ss of puhli<:ation. as was a pioniM^rini^ 
study of \ho poHlir.al and inslitulionnl aspocts of rnvironmimtal 
policy, ftiioks on thi^ climatic and wvaihor offiuits of oncrfiy con- 
version. *ind on air quality in the New York arra wor<> imminimt; 
a volume on the economic and onvironmrntal aspects of the 
liquid metal fast breeder reactor projjram was in preparation. 
Work continued on regional residuals management modelinj? in 
connection with the Delaware Valley projt'ct, A conference on 
the* economics of the environment was cosponsored by RFF and 
the Universities-Xalional Bureau CommitU^e on Economic Re- 
search at the University of Chicaj^o. 

■ Representing a new direction in RFF*s environmental quality wwk. 
several studies of "regions under stress" were commenced during 
the year. One is addressed to coastal zone management, involving 
cooperative research with the National Oceanic and Atmospheric 
Administration (N'OAA) in its ecologically oriented study of the 
New York Bight Region. Another focuses on the tension between 
development and the environment in the Four Corners states of 
the Southwest. Companion studies abroad are expected to include 
the Mediterranean Basin and the Norlli Sea. 

■ An extended seminar on national urban growth policy for selected 
memb.rrs of Congress and their staffs was held in conjunction with 
the National Planning Association. Further work on metropolitan 
governance issues was undertaken in cooperation with the 
Academy for Contemporary Problems, and RFF*s metropolitan 
governance researcn comm *ee was reactivated. A grant from the 
National Science Foundation was received for research on struc- 
tural changes in the regional and urban economy. Work on in- 
formation resources was being readied for publication. Investiga- 
tions into the quality of life and urban scale yielded new insights 
into such features as pay advantages and crime rates, A cultural 
analysis of American beliefs about real property was begun. 

■ In preparation for the forthcoming Third United Nations Con- 
ference on the Law of the Sea, RFF's program of international 
studies of fisheries anangements completed several in a series of 
working papers concerned with particular fishery regions. Pre- 
liminary presentations of these reports were made at three inter- 
national gatherings: the Asian-African Legal Consultative Com- 
mittee in Delhi, the fourth annual Pacam in Maribus Conference 
in Malta, and summer meetings of the UN Sea-Bed Committee in 
Ceneva. Two policy studies, a review of legal issues raised by the 



N.uinn.U Kinironmontal Policy Act, and an ovmrvunv of resource 
imd vuxmmmvnUil issues, wcro comploletl. Two othrr studitjs, on 
land usi* planninj^ and issuos in Uneal policy, wore under way. 
Further progress Wiis made in the established resource appraisals 
project, and in special studies of resource adequacy. 

■ A cooperative research a<ireement with the U.S. Forest Service re- 
sulted in the design of a foot-traffic flow simulator for use by 
wilderness area nianajRers in understanding the travel behavior of 
people usinji the wilderness. Another simulator, of wildlife popu- 
lation dynamics, was brought to operational state for use in 
wildlife manaKoment planning. A study of the economic manage- 
ment of migratory waterfowl was completed. Several studies of 
wild lands and water allocation were also completed. Synthesizing 
a five-year effort in the natural environments program, a major 
study of problems in allocating and administering public lands 
reached final draft stage. A pioneering volume on natural environ- 
ments was published, based on papers presented at a workshop 
jointly s])onsored by RI'F, the Ihiiversity of Montana School of 
Forestry, and the U.S. Forest Service Forestry Sciences Laboratory 
at Missoula, 

■ A program of forest policy research has been undertaken to pro- 
vide an improved analytical basis for forest activity in the United 
Slates, Through membership by an RFF staff member on the 
President's Advisory Panel on Timber and the Environment, a sig- 
nificant input was made to the panel's final report. Eccnomic 
studies of the use of saline water for irrigation have yielded several 
professional papers. Two books on urban land use were published 
during the year, and a third study on national land use problems 
was commenced. 

B A joint program of research on problems of water development 
and management was launched in Latin America. Financed by a 
two-year Ford Foundation grant, the activity involves university 
faculty in Mexico, Colombia. Chile, and Argentina. A study of 
water planning in Mexico undertaken for the World Bank was 
completed and delivered to its sponsor. An analysis of water 
resources managerial problems in the Mendoza region of Argen- 
tina was also completed. In Brazil, an RFF study of the sources of 
economic growth in twenty small- and medium-size cities in the 
state of Minas Gerais proceeded. Also in Brazil, RFF initiated and 
jointly sponsored (with CEDEPLAR and the Ford Foundation] a 
conference on urban economics and planning. 

Twelve grants, valued at $144,477. were made during the program 
year. Twelve fellowships, totaling $52,950. were awarded to 
doctoral candidates whose dissertations will deal with social 
science aspects of natural resources and environmental problems. 



*rhir!rrn thoscs by oarlirr nH:i})ii}n!s of frllo\Y.shi])s whtv. mm- 
ph?ti}d, Kii^ht books won? publishtnl and livu uthc^rs woro in process 
of boinj? printed. 

S1V\Ff\ A lUiniber of staff appointnionls, n?sij»nations, and trans- 
fors in pri>>^rams oc:f:urrinl during thi? yiMP, In the enerj^y and 
minerals pmj^rani, Hans H, Landsberjj was named the new 
director, to siu:ceed San H. Sehurr, who has accepted an appoint- 
ment at the Kh'ctric Power Research Institute in CaHfornia* as has 
Milton Searl; Mike M> Maa}»houl c<)mplele<] his tour of duty, and 
Harry Perry was appointed consultant to this proRram, Edwin T, 
Haefele is the new <Hr€?ctor of the regional and urban program, re- 
placing^ Lowdon Wingo, who has accepted the chairmanship of the 
City Planning Department of the I hii versify of Pennsylvania, New 
members of this program are Harry Schechter. from Northwestern 
University, and Constance Perin, formerly managing editor of the 
Jounuil of the American fnstitule of Vlumwrs, A\ the close of the 
program year, Anthony C, Fisher of the natural environments pro- 
gram left for a position at the University of Maryland, V. Kerry 
Smith, of the same program, completed his tour of duty with RFF 
and has taken a position on the faculty of the State University of 
New York. Binghamton campus. Replacuig Fisher and Smith arc R. 
Talbot Page, formerly working with the quality oi the environment 
program, and Mordechai Shechter, of the Israeli Institiite of 
Technology. Near the close of ihv year. Clarence }. Davies. formtnly 
at the Council on Knvircmmental Quality, joined the quality of 
the environment program to work on a study of environmental 
politics. Other new members of this program are John Hansen, 
formerly assistant attorney general in V^>rmont, and James W. 
Sawyer, formerly at the University of Pennsylvania. Thomas B. 
Cochran completed his work in this program and is now with the 
National Resources De^Mise Council, Boyd H. (Gibbons came to 
RFF from the Counci! on Environmental Quality to work in the 
land and water pro'^ram. Mason (iaffney of this program has 
accepted an appointment to the staff of the Institute for Economic 
Policy Analysis, University of Victoria, B.C. Other new staff 
members are Robert Healy. formerly with the Urban Institute, 
who is working on land use planning, and Leonaril Fischman, 
who will be working on appraisals. Several chanjjes also occurred 
in the publications staff: Vera W, Dodds retired as senior editor, 
and her positicm was filled by Joan R, Trnn, former director of 
])ublicati(ms of the National Bureau of Economic Research. Two 
other long-term book editors, Nora Roots and Tadd Fisher, left 
during the year and were replacetl by Ruth Haas and Margaret 
Ingram, 



BEST COPY AVAIIABLE 

Quality of the Environment 



More lhan «i docaih; n^a. Resources for the Future began to study 
environmental quality prt)blem.s, concentratinj^ initially on water 
quality management. The substantial amount of theoretical and 
conceptual work that was accomplished throuj^h the later 1960s 
resulted in a number of important case studies. In addition, be- 
cause considerable attention was j^iven explicitly to public policy 
issues in the water quality ar(?a, ihi? results of this research have 
been deeply influential in policy making in a number of countries. 

By the middle of the 1960s, the staff had begun to think beyond 
water quality to the broader question of managinj^ all the non- 
product materials and energy outputs from man's ])roduction and 
consumption activities. These nonproduct outputs, now referrecl to 
as residuals, are a major source of environmental degradation. 
They include airborne and solid materials, and energy, as well as 
walerborne materials. It became evident that these residuals ought 
to be stiT'lied as a group because of various intcrdepcndencies 
among thciii. For example, when wastewater is treated, solid or 
semisolid materials obtained from it are often incinerated* thus 
potentially contributing to air pollution. Conversely, in the treat- 
inent of stack gases a waterborne residuals stream is often gen- 
erated because a wet-scrubbing process is used. Furthermore, the 
quahty characteristics of inputs and outputs and the particular 
production processcjs used influence the amount and mix of resi- 
duals generated, A more systematic and coherent view of these in- 
terrelations was obtaim^d through participation in a study of in- 
tegrated waste management in the New York metropolitan region 
and through a considerable amount of theoretical work on the 
relation of materials and energy flows to basic economic theory. 

Following these groundwork studies, the next major cycle in the 
quality of the environment program emphasized the broader 
problems of materials and energy flows in society, the factors 
that influence them, and means for their systematic and coherent 
management. The studies undertaken in this connection span the 
distance from basic theoretical work in economics and political 
theory through applieil economic, technological, ecological, and 
political analyses of particular problems. While all the research 



nr(Mjinl in lh«^ an»a of irsidiials n;onaj;«Miirnt will not hv «:i)niploti»d 
lur ,1 luni! linu» to i unu\ \hv cxivrvul t:yi:lo of RFF work in this ansi 
wiU (lr,uv Jo ,j lAasv dnrin«^ ihr r.onujij^ y«*ar- 

In \hv past y<NJr. major pro?4r<*ss was matl<» on a nunihor of \hv. 
vmn\)onrn\ sUuWvs. inchalini^ tho lari^** rri^ional n*si<luals manaj^^^- 
mvn\ imnUAuv) rHurt hhsi ussrd in drlail in previous annua! ri?- 
ports), and srx^Mal ui ir l)n3u.qhl to i:<nn:hisum. AHon Knri>sr and 
Hlair Huurr h.wv hv\^\\n }>rrparatiun of a *V.apslon<>" hook aimod 
at Nummari;^jn»4 and inirrprrtinj^ this <:yd^? of ros<?an:h- 

In this nnimv of ihr yrar s work. wi» bo^in with some finished 
work on l)asit: th<n)ry. juocoimI to i\ number of applied studins 
whii h UiM<* riihor i:oniplr!rd or in whit:h major pro};n\ss oc<:urro<l 
tlnriuj^ \hv y< ar. and linally d!St:uss briofly somi? now directions 
toward whit.h ur art* lurnint^ in our study of tho quality of thr 
iMuironniont, 

^ \^^!t 1 Mi t )K\ 

Huildin,q a solid stnuMun* of basin theory for its moro applied 
studies is an en(hirinj^ eoncern of the quality of the environment 
program, A<:<:ordini»h;, one«» thn intf?rdependencies of \ho. various 
residuals streams b<M:ame <:lear an<l the scale of the impact of re- 
siiluals ilischarj^es on envir<)nm«»ntal media (common property 
resources) was «nident, an offorl was ma<le to adapt the economic 
th*»ory of res*iurci'S allocation to thrse facts. Several persons were 
involved in this work in a major way, and a number of articles 
were written. A first pass at a reasonably complete statement of 
the revised an<l a<lapted theory appeared in the 1970 publication, 
Kconomics nnd ihv Knvjronmenl: A M«lerm/s BaUmcv Approach, 
by Allen Kmu^se, Robert Ayros, and Ralph d'Arj^e. This work 
wedded jjeneral eqnilibritim analysis from economics to principles 
of mass conservation from physics, and used the results to i!xplain 
how the dej^radation of common yiroperty resources is tif^d to 
economic activities and economic development. This effort, con- 
taining some significant insij^htr, and innovations, j^ave rise to 
considerable further work by economic theorists, physicists, and 
ocolojiisls. Anions thosn who continued this approach and greatly 
extentled it. as Well as makinji; it more ri^^orous theoretically, was 
Karl-Goran Miiler of the Stockholm School of Economics. At the 
close of th«' year, his manuscript, "Environmental Economics: A 
Theon^tical Inquiry/' was beinj^ edited for publication- It addresses 
the statics and dynamics of the new theory and applies the 
theoretical insij^hts j^ained to problems of environmental analysis. 
When published, this study should be a standard work in its 
field for some years to come. 

A tf?xtbook tniatinj!! theoretical aspects of environmental eco- 
nomics, and of resources problf»ms more generally, was in pro- 
*>?^ d:!c!ion at the close Oi the year. An fntroduction to the Economic 



T}j<^ory of R<?s«uri:i)s md Environment by the late Orris HcrfindaW 
iuiil Alh^n Kn«^f?s<> is bi>m« published by the Charles E, Merrill 
Publishinj^ Co. The bnok reviews basic static and dynamic -^co- 
mm\U: resources allocation theory and then treats a number of 
specific problems associated with resources use. These include 
primarily matters of resources conservation; the economics of 
public investment in resources, particularly water; and a variety of 
common property problems, such as those associated v^ith oil 
ptjols, risheri<?s. and the various environmental media. The book 
is intended for advanced undergraduate and graduate students and 
presupposes a modest background in mathematics and economic 
theory. 

MMl KlMs i low AM) MAH KIALS HlCYCl.lNC 

The approach to residuals problems developed at RFF can be 
stated by asking whether the rate of flow of materials through the 
economy is optimal by some salient criteria; a corollary question 
Is whether the rate of recovery and reuse of materials is appro- 
priiite. The quality of the environment program has launched a 
ntimber of studies bearing on this problem. Three of the most per- 
tinent ones are discussed in more detail below. 

fnoi;n fives for Recycling 

At the year's end, R. Talbot Page was preparing a draft manu- 
script of his study of incentives bearing on materials use ques- 
tions. After a preliminary view of materials flows, including 
recycling Hows, throughout the economy. Page focuses in detail 
upon the primary and secondary materials flows in the aluminum 
industry. In this industry example, quantitative estimates are made 
of the effects of freight rates and depletion allowances on materials 
flows. The ''right" amount of recycling can be defined only in 
terms of criteria that discriminate among the various possible 
allocations of materials usage and depletion over time. Applying 
both the traditional economic criterion, which discounts future 
welfare, and the standards defined by conservationists. Page's 
study evaluates the present structure of freight rates, depletion 
allowances, other tax provisions, and various market failures 
which prevent the economy from recycling the right amount and 
which in finneral contribute to excessive use of materials. Some 
implications for changes in these policies are indicated. 

Sfeel Scrap 

At the end of the year, a report on recycling steel scrap from 
automobile hulks was completed by lames Sawyer and was being 
revised for publication by RFF. The problem with this source of 
r-^t) scrap is its quality, since automobiles contain other metals besides 
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jtun. lunsl not.j!)ly i:oppor. t:hrt)mium, niolybilonum, aluminum. 

UH kf^L Kxrt'pt for somi? xhv vhvammm and aluinimim, Ihi^so 
sn-ralli»d ir,nnp i^hMnonts arr not rrmovinl whtMi si.rap is inolttnl 
duriiv4 \hv sttvl makini^ procrss. As a n\sii1t» Jhi? mrtalhirj^ir-.d 
prop<Mtios of iho msullin^i stoi^l aro chanj^rd. and its nsofalnoss 
IS substantiaHy nnlaciMl, i^ivrn today s product spodficalions. 
Sawyrr s study d^^scrihos various alti^rnativrs fur pnH:rssin}5 do- 
ro\;istor<ul automobik?s to produ<:o stool scrap lor uso as raw 
matorial <H)ncrntratiu« on <:osts, scrap quality, antl associatod 
ri^siduals i>onoratii)n. Ho has ostablishod a cost function for tho 
nuinction of tho tramp olomont contont of auto-basod stool scrap. 
Tsins* a tnodol ho dovolopod for tho study, ho found that tho 
short run supply of auto stirap is vory prico-olastic; it doponds 
hoavily on colloction antl transportation tochnoloi^y and costs. 

A particularly sij^nificant aspect of this study is its connoction 
With tho stool industry study boinj^ «:onductod by William 
VaujLjhan and Cliffonl RussoU (soo p. (SB). At tho vm\ of tho 
yoar. Sawyor. Russoll. and Vaughan wore workinj^ on linking tb<^ 
scrap modol to tho stool plant modrl to invosti^ato such factors 
as stool product niix. furnaco-typo mix. lovol of rolativo oro and 
scrap transport charges, tho sovority of stool mill residuals dis- 
chari^o ccmstraints, and tho influonro of those factors on tho use 
of auto scrap and tho fate of derelict auto bodies. 

Wtjsfo PapvT 

Durinj^ the year. Thomav Quimby and Blair Bower completed a 
study of the potential for increasing? the recyclinj? of newspaper 
and corru5^ated container residuals. Examininj^ the relationships 
<if paper recycling to the solid residuals handlinj? and disposal 
system that operates in the StandaM Metropolitan Statistical Area 
of the District of Columbia, they explored the outcome of alter- 
native system arrangements. Solid residuals management costs 
were estimated for the metropolitan area at current levels and at 
alternative hij^her levels of recyclin^R. and with alternative costs 
of unit operations. The authors paid particular attention to the 
i^fTocl of institutional arraPRomonts on recycling, and found that 
substantially hij^her levels of paper residuals recycliuR appear 
economically feasible. Appropriate adjustments to achieve such 
levels require institutional arrangements and economic incentives. 

Litter 

The studies just described treat primarily those problems associ- 
ated with relatively massive, concentrated residuals flows. Another 
major problem, however, is the small but injurious amount of 
sohd residuals that become dispersed onto city streets and into 
the countryside. 

During the year a grant was made to the University of New 



Ml \it:n tu study ihr prohkm of dhporsod solid nhsiduals in \hv. 
i:uun!rysitio. This inciudos Htttjr in iho ordinary siMiso of \hi) ivtm 
and also \hv imptjrtant prohloms associated with opt>n dumps ar^d 
oaior inaiiiM]nato tJisposid siN^s. It also in<:ludrs automobiU? hulks, 
tho indistiriminalo disposal of which renders hideous the landscape 
of som** of nur most aesthotitially charminj^, and n^croationally 
valuable, t:oijntrysules. Yhv principal researcher on this project is 
Lee Urown of the University of New Mexico's Economics Depart- 
ment. Sex era! other tM:onomists and enj^incers are wor]<infi with 
him. The study focuses i)rimarily on the technoloj^y and costs of 
dealing ^vith dispersed solid residuals and with iastitutional 
arrant^emrnts, sui:h as *:ollection systems for villaj^es and \hv, 
ia)un!rysitle and laws relatinj^ to automobile derej^istration, which 
have a bearing on thi^ efficiency and effectiveness of mana.qement 
alternati\es. The Rio (Grande Valley and its contij^uous mountain 
areas are used for an illustrative case stinly. It is anticipates! that 
a companion study on the urban litter problem will be launched by 
the RKF staff in Washinj^ton. 

1 (:t)\M\i!i i\( i \n\! s 

To a j*real extent our environmt^ntal problems stem from the 
market's failure to ji^onerate the appropriate economic incentives 
for th(^ use and conservation of common property resources. One 
way \.) ct)rrect this failure, althouj^h one much ne^^leded in policy 
makin^^ in the United ^Slates, is to provide appropriate incentives 
throuj^h j^overnment action. This, of course, can only be done if the 
market failure is explicitly recoj^nized, 

Durini; the summer of 1973 Charles Schultzo of The Brookings 
Institution and Allen Kneesc of the RFF staff bej^an writinj^ a 
manuscript on the use of economic incentives in environmental 
quality mana^^ement. After a j^eneral iliscussion of the economic 
factors leadinjq to environmental pollution problems, the study 
undertakes an extended review of the policies developed in the 
United Slates durinj* the postwar period to deal with such prob- 
lems. These policies have been heavily based upon dir<?cl rej^ula- 
tion. enforcement, and the provision of subsidies for undertaking 
certain types of abatement actions. The policy review finds the 
approaches taken to be severely lacking when measured by 
standards of both cost and effectiveness. An alternative approach 
is to be presented, based heavHy on the coherent use of economic 
incentives in the form of effluent charges and adjustments in lax 
policy, and on the development of competent regional planning 
and management agencies. 

A closely related enterprise was launched in cooperation with 
the Environmental Law Institute. General leadership for this 
study was provided by Frederick R. Anderson of the Institute, 
iA with contributions by Serge Taylor of the University of California 
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nuu] AUon KniM*s<\ Ahhouijh this study also looks at tht? prohlmn 
ni ri nniHnij: int;iMi!i\rs as a policy loul i1 ^ivos primary iMiiphasis 
to iho prat:tit:al asprris of onplonioiilalion, indudinj^ poHlir.al, 
^ antl lot;hnnln\^it:al fairtors. Il is rxpucUul lhat a manuscript 
rrpnrlinj* ihv n^snlts ul this proji^ct will l>i* iromplotod in the 
sprin\* ol liJ74, 

In thr arra of political ami institutional aspocts of rnvironnn^ntal 
pn]i<:y, Kdwin Harioli! has for sovnral yoars takrn a Irading rolo in 
lh«* quality of iho rn\ ironmcnl pro5»ram. Duriufi th«) course of thi^ 
yv.iU hv finishiul lunnpilinj^ and adapting his essays and shorter 
studies in this field into a hook, which .is hein« puhUsheil by RFF 
under the title Jiepresenfufive (jnv#?rnnu^nt ami Envimnmontal 

Hat^teh; also orj^aniv.ed, concurrently with the annual nieetinj? 
of the Public Choic:e Society, a conferent:e on social choice and 
pnliti<:al activism. The purpose w*as to expose social choice 
theorists to st)me of the proposals for institutional reform beinj? 
matle by poHljiia] activists, and to confront the activists with some 
of the <:(Uise(piences of their |)roposals. The proj^ram included the 
loHowinj^ presentations: 

Allen KncM'se, "A Crili{pi<? of Knvironniental Le^^islation.** 
Mark Creen, 'The Need for Congressional Reform." 
Charles Ci<:chetti, "The Use of Environmental Impact 
Statements." 

Russell Stevenson, '^Corporations and Social Responsibility," 
Frederick Anderson, "The Use of the Courts in Environmental 
Actions.** 

Bowman Cutter, *The t;so of TV by Pohtical Actors." 
Hazel Henderson, "Manipulating Information," 
Clem Zin^er, ''Public Participation in Aj^ency Decisions." 
Daniel Mazmanian, ''Federal Cuidelines for Pubhc 

Participation/' 
Paul Portney, "nenent-Cost and Majority Rule/' 
John Jackson. "Airport Location: Who Decides?" 
Henry J. Pratt, "The Loj;ic of Collective Action in Activist 

Organizations." 

Haefele is also continuinj? his work with the Delaware modeling 
team, whose activities are discussed below. In addition, he and 
Paul Portney are proceeding with their studies of alternative 
collective choice-making devices, including benefit-cost analysis, 
repri*sentative government, referenda, and the courts. 

Near the close of the year, Clarence J, Davies, formerly of the 
Council on Environmental Quality, joined the quality of the 
environment staff and the regional and urban studies staff to 



niaki' .U5 indojuMulonl hut complonuMitary sUuly of onvironmcnta! 
jnihlu s. 'I hv quoslions ho will hv. nddmssins induilo: How does a 
pnihhMn liko <Mn irninnontal ilDHJ'i^tJj^^i'^*^ hocomo 4^ puhlic issue? 
What aro !ho f;u:tors hrinsins it to \hv forefront of attention? Whal 
rausos ii io ho displaced by other issues in the course of time? 
Why <li) other pro1)iems. pi^rhaps as severe, fail to hecome national 
issues? 

Within the area of institutional ineludinfi lefial, studies, is the 
wtirk undi^rtaken hy john Hansen, formerly assistant attorney 
jjenoral id ViMmonl, who joined the RFF staff near the close of 
the year to work with Clifford Russell. They will look into the 
h\\^ai anil eeonnmie hases for environmental damaj^e claims. 
Hansen appniaches the subject throuj^h his experience ns one of 
Vermoni s trial lawyers in the International Paper Company case. 
Tht^re, thr initial question has been whether Vermont has standing 
t() sue for recovery of damaj^es to its natural resources^ It 
appears that the answer may be affirmative, but this then presents 
the probltun of what measures of damaj^es will be legally ac- 
ceptable both in terms of consistency with the law and, no less 
important, in Jerms of belirvability. Hansen and Russell have com- 
nu*ni:ed n\searrh» which they hope will result in a methodolopy 
for le^^ally at:f:eptab]e daniaj^e estimation. 
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Prrhaps the sinj^h^ most environmentally damafiinfi human activity 
is the extraction of basic enerj^y sources from nature and the con- 
vrrsion of these sources to energy for performing useful work. 
This set of activities j^enerates a vast variety of unwanted by- 
products, including landscape disruption and discharge of particu- 
late matter, sulfur oxides, and oxides of nitrogen to the atmos- 
phere; it leads to the generation of highly hazardous fissile 
materials and. finally, to the rejection of the energy itself to various 
environmental media, ultimately the atmosphert.. Four studies in 
the energy-environment ar a were finished by the quality of the 
environment program during the year and one was nearing com- 
pletion at the end of the year. 

CJimotu and Weather Effects of Energy Conversion 

William Frisken of the University of Toronto, while a visiting 
scholar at RFF. completed a study on the global and regional 
climatic and weather effects of energy conversion. His monograph, 
7he Afmosphorjc Environment, was in press at the end of the 
year. It is a comprehensive, but relatively nontechnical discussion 
of the natural phenomena involved and of what is known and not 
known about the various effects of energy conversion. Such con- 
t, J version is, of course, not the only human inffuence on the climate 



«f ami nii>tropolitan tej?ions. Thi? forms and surfaces of the 
th<Mnsf>hos have vUvvAs on ihv natural en«»rfly budget. These 
then interact in various ways with the actual emissions of 
materials and rnorRy to the utmosphcre. Frisken reviews and 
assesses the various models available for forecasting climatic and 
shorter-term aimospheric effects and points toward the research 
needed to improve our knowledge and ability to predict in this 
important area. 

Nuclear Ener^jy 

Also completed during the year was a study of the economic 
and environmental aspects of the liquid metal fast breeder reactor 
program. The study by Thomas Cochran entitled The Liquid Metal 
Fmt Breeder Henclor: An Economic ond Environmenfol Critique 
was being edited for publication at the close of the year, Cochran 
makes a detailed assessment of the various issues bearing upon the 
desirability of rapid introduction of this reactor into the national 
energy economy* Reviewing the economic and conservation argu- 
ments put forward in favor of such rapid introduction, he finds 
many of them open to question. He then outlines and evaluates 
the various hazards known or thought to be associated with the 
fast breeder economy. These include large amounts of plutonium 
in the fuel cycle, the possibility of disastrous accidents, and the 
problem of long-term storage of highly radioactive waste materials. 
These problems are not unique to the fast breeder but are char- 
acteristic to some extent of any fission-based nuclear economy. 
In some cases, however, they take on a more severe form in the 
fast breeder economy. 

Coal 

Although coal has commanded a declining share in the national 
energy picture for some decades, the absolute amounts of energy 
generated from this basic resource are still very large. Coal is 
still the dominant source of electrical power generation. Further- 
more, the recent interest in gaining self-sufficiency in energy re- 
sources will no doubt lead to considerably expanded efforts to 
exploit this most abundant of all conventional energy sources. 
Unfortunately, the adverse environmental effects of the coal-energy 
industry have been substantial in the past, and in some situations 
are rc^latively difficult to control. |erome Delson, now of the 
University of Negev; Richard Frankel. formerly with the Asia 
Institute of Technology: and Blair Bower have done a detailed 
study of the environmental impacts generated in all stages of 
the coal energy industry, from the basic extraction of the oal 
through its preparation, transportation and, finally, burning in 
the power plant. They have assessed available control tech- 
nologies and studied the economics of simultaneous sets of en- 
vironmental control on all stages of the industrial processes. They 



hiwv hypnlhi\sixrd nlfi^malivo Icvi^ls of suctrssively stricter con- 
trols, Jinalyy.inl thi* optimum (kast-cost) ways of merting them, 
and srt out tlie costs involviHl. A revision of th<^ir manuscript, 
^•Residuals Mana«rminit in the Coal-Eloctric Enrrjjy Industry^' 
was noarinj? <:ompl<»tion at \hv close of th<^ yrar. 

Air Fallutkm 

A manus<:ript that assesses somi? of the heahh impacts asso- 
ciated with air pollution rosultinR from energy conversion was 
f.ompleled and sent out for review. The focus is upon sulfur oXides 
and parfirulaies, and the data cnncerninR health eifi?cts ^re largely 
hmitinl to morlalily statistics, Lesti^r Lave am! Eujiime Soskin, the 
former of Carnegie Mellon University and the latter of the Drhan 
Institute, performed careful and systematic statistical work on the 
limited and defective data available. They used many econometric 
techniques and introduced many variables to test-the '*robustness" 
of the apparent linkage between sulfur oxides, particulate matter, 
and levels of mortality in a cross section of cities across the 
country. They were also able to do a limited amount of time 
series work on particular cities. Their stu<ly led them to conclude 
that the relationship is real, and that the health impacts of these 
forms of pollution are lar^e, iS^e essay, pp. 15-26.1 

It is not just the overall damage from air pollution that is 
important, but also how that damage is distributed across the 
poptilation. Jeffrey Znpan of the Regional Plan Association imder- 
took to study some distributional aspects of air pollution under 
RFF sponsorship. His monograph. The Distribution of Air Quolity 
in the Neiv York Region, was in press at the end of the year. The 
report surveys several measures of the quality of the New York 
region's air — past, present, and future. Two hypotheses are tested: 
(1) the lower the income, the lower the air quality: and (2) pro- 
grams to improve air quality tend to benefit the poor the least. In 
wneral. Zupan finds, the evidence tends to support both hypo- 
theses. 

(rmi.R iNijrsrKV s rrnu s 

As mendoned in previous annual reports, a major area of study 
in the quality of the environment program has been residuals 
raanagcment in particular major industries. The coal-energy study 
is one example, but it stands somewhat apart from other studies 
completed or in process, in that it considers the whole process, 
from basic resource extraction through the production of final 
output, whereas the other research generally focuses on particular 
industrial plants. Two studies of the latter type have been com- 
pleted and pubHshed: one for the beet sugar industry and the 
other for petroleum refining. The latter study, by CHfford Russell. 
I)"*! was published during the program year under the title Residuals 
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RECilONAL RESIDUALS MANAGEMENT MODEL 
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or REGIONAL GENERATION AND 
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ENVIRONMENTAL MODELS 

Physical <lispersion models 
(eg. tor suspended par 
ticulates) 



Cttemical reaction models 
(e g . for o.^otochemical 
smog) 



Ambient 

r concentrations 
of 
residuals 



Biologicai systems models^ ^^^^^^^^^ 
(e g . tor aquatic eco- >-concintr»tions 
systems) J ot residuals 



ENVIRONMENTAL 
EVALUATION 
SECTION 

Constraints ^with 
penalty functions) 
on. and/or damage 
lunctions ralated to, 
ambient concentre 
tions. specie, oopu 
latmns. etc 



Thfi sr.hvmaiu: nhnvu uppcarad w a ret:vntiy published HFF mono^rnpb, 
Kosidiials Mijnap^mrnt in Industry: A Case Study of Pctrolrum R«- 
fininj^. hy CA jrd S. JhisseJJ. It is intended to show how wdustrlal 
and cnvironmv.nUd models of rcsidiuds rniinaficnwnt fit Into nn overaU 
re^innnl modal. Tba rvsidiuds ^ivncratinn and discharfi,e submodel is 
intended to optimize prices, costs, and iriai voities of effluent chorfies. 
The dischor^jcs nri? roiilrd tL'-ouj^h the physical, cbcmicuh and bio- 
logical suhmodeis to measure sucb environmentul foctcrs as the 
amount of SO, in tbe otmospherc. fish popuJofions. and other pertinent 
variitbles. Tbesac mensnres are then evciluoted in the section contoininj? 
constroints ond or dmno^e functions, ivhero the damo^jes or penalties 
o-ssij^nohle to <?och discharge ore coiculoted. These costs ore then op- 
plied OS triaJ effluent charges to their respective discharge activities, 
and the generation and discharge submodel is solved ogoin. 



\vm xm\\ \hv intoHinkast^s of thr various svibromponoiits, on« 
Unix ni.jjnr nrw ioaturo is a ju)nUn<Mr subnuuW of \hv. <M:osysli?m 
oi \hv Drlawaro Ksluar\, \vhii:h was i:onstnu:tod by Robert KvWy. 
\\\\\\vT Spoffonl workod with him in adaptinj^ tho ecosystem 
niotli^l ii)T usi» in tho larqor optimization moch^L This is quito 
diliorrnt irum lh<* comonlional Hnoar motlrls. which forecast dis- 
solvriJ o\ys 1 <:on<:<Mitra!ions as a function of only organic 
ma1*^rials dischatj^i^s: it inchidos discharfios of other residuals, 
su<:h as phosphates ami lo\ic:s» whi<:h have imparts on living 
populations, sni:h as jihytoplankton and fishes. 

An important step in the developmi^nt of the overall model was 
reported in a major paper by Russell, Rpofford, and Kelly entitled 
"Opt^ration Pn)ldems in Larj^e-Seale Residuals Management 
Models. " presented at the Universities XBKR - RFF Conference 
on r;eonomi<:s oi the Knvironment in N^ovember 1972. A base model 
offered in this papiT inchul^Hl the nonlinear ecosystem model of 
the Delaware Kstunry, alonj^ with discharj^e control models for 
several Philailelphia area industries. Essentially, this step in the 
overall re.ci' nal modeling research plan represented the first real 
test of the optimization routine developed to allow imposition of 
ambient quality constraints when the natural world models are 
nonlinear. The base model is the cornerstone upon which the full- 
scale Delaware Valley model is being constructed. 

The nonlinear aquatic ecosystem model itself is described in 
nnnsidrrahle detail by Kelly in "Concf^ptual 'Rcolo5:;ical Model of 
the Delaware Estuary," to be published in Volume IV of Systems 
Analysis ond Simulofion in Ecology, B. C. Patten, cd. A discussion 
of the midhematical structures of various air and water quality 
models and how the different kinds of models can be included 
within an optimization framework is found in Spofford, *'Total 
Environmental Quality Management Models/* published in R. A. 
Deinin^er, ed.. Models for Environmentol PoHution ConlroJ {Sci- 
ence Publishers, Inc., Ann Arbor. August 1973). 

Work on the final larj^e-scale version of the Delaware Valley 
model proceeded actively during the year. Petroleum refinery and 
steel mill models, based on the industry studies discussed above, 
have been created for each of the major plants in the region. Dis- 
charge control models for each of the power plants in the region 
were also constructed. Less detailed linear programming models 
for other major point sources in the region were built, based on 
secondary information available from the Environmental Protec- 
tion Agency. Some consumer residuals are also included in the 
model, and work progressed on a paper recycling, solid residuals 
management model. Solid residuals manag'^ment options for fifty- 
seven political jurisdictions in the model include incineration, land- 
fill operations, rail haul, generation of steam, and paper recycling. 
When completed, the outputs of the model will be specifically 
keyed to the fifty-seven equi-populatio * political jurisdictions. 
These outputs will include vjricVles not only of environmental 



qa,ilHy but also of cost distribution, in order to provide a basis 
fnr |)oiilii:id trading in an associatini model of collective-choice 
makinj^ dini^loped by Edwin Haefele, The intent here is to 
e\amin«^ how alt<^rnative political structures — for example, repre- 
:;t*ntative i^ovemment based on small political jurisdictions vs. 
Councils ui iloxornmrnl (CX)(is] will affect outcomes, in terms 
of both levels of environmental quality selected and the distribu- 
tion of cost and beni»fit. 

As is to be i xpected, many practical operational questions arise 
in the c onstruction of a iarj^e complex model such as that of the 
Delaware Valley. An important one that was addressed and 
resolved during the year concerns how the vast number of in- 
dividual point stnirci^s of air emissions could be aj^gregated with- 
out losinj* too much accuracy. Criteria were developed for aggre- 
gating a group oi stacks, all located at the same plant, and for 
determining the characteristics of a single representative stack 
for each plant. 

The operational Drlaware model will permit testing hypotheses 
about how important it actually is to take explicit account of all 
en\ ironmental media simultaneously in a regional setting; it can 
hi} used to establish coherent sets of environmental controls and 
to establish a firm basis for the estimation of overall costs of these 
nlternanve sets: and, when combined with the political model, it 
can provide insights into which kinds of mechanisms for making 
rollfi^tive choices come closest to reflecting the preferences of 
affected populations. 

Another attempt to apply the residuals-environmental quality 
managenuMil franunvork wns initiated this year under a grant to The 
Johns Hopkins University. The focus of the study is the Ljubljana 
area of Yugoslavia. The principal investigator is Jack C. Fisher of 
thr Center for Metropolitan Planning and Research at the Uni- 
versity, The study is being underlal en with the cooperation of the 
Ilrbanisticni Institut SRS in Ljubljana. 

oTiiiiK Acnvri'iiis 

The new field of environmental economics has grown and pros- 
pered sufficiently so that it has in the past few years supported 
s'neral major conferences. In November 1972 the Universities- 
National Bureau Committee for Economic Research and Re- 
sources for the Future joined forces to sponsor one such con- 
ference, which was held at the University of Chicago. The con- 
ference was planned by Edwin Mills of Princeton University, 
Otto Davis of the Carnegie-Mellon University, and Allen Kneese. 
The conference volume, to he published jointly by NBER and RFF, 
is edited by Edwin Mills and will be entitled Economics of the 
i>') Envjronmenf. Papers presented at the conference were as follows: 
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William HiHunol and Wallact* Oats, ' The Instruments for Environ- 
nuMstal Poliny/* 

(^rnrw Tolky, '('hoii:o uf Tools in KnvinmnUMttal ProbloniH/' 
Rohorl Kohn. *input-()utjnit Analysis and Air PoUutum GnntroL'' 
Walter SpofTonl, Clifft)r<l Russrll and Robert Kelly, '^Operational 

Problems in Lar«e-Si:ale Residuals Management Models/' 
Ralph d'Arpe, "Observations on the Economics of Transnational 

Environmental Externalities.** 
Maynard Hiifschmidt, '* Alternative Approaches to Environmental 

Quality Management: Ob.servations on Recent Experience in 

Europe and the II,S/* 
IJlair flower, '^Studies of Residuals Management in Industry," 
Lester Lave and Eugene Seskin, "Acute Relationships among Daily 

Mortality, Air Pollution, and Climate/' 
Hirofumi ITxaua, "Optimum Investment in Social Overhead 

Capital** 

Karl-Goran Maler, '*Macro-Economic Aspects of Environmental 
Policy/* 

Fmvi^n Visitors 

In the course of a normal year, RFF is host to a number of 
visting foreign scholars* During this past year the quality of the 
environment program was fortunate in having three distinguished 
foreign scholars visiting with the staff and participating in various 
staff activities. 

Professor Horst Siebcrt of the University of Mannheim spent 
several months at RFF reviewing the program's work and acquaint- 
ing himself with environmental issues and policies in the United 
States, The results have been several publications in German, in- 
cluding a review of the American literature and a book, Das 
Prodmwrtfj Chaos (Verlag W, Kohlhammer, Stuttgart), which pro- 
vides a broad and detailed treatment of environmental economics 
for German readers. 

Dr. Giuseppe Sacco of the University of Siena spent the summer 
at RFF with a similar purpose. Seminars and discussions with the 
staff led to plans for a study of the environmental aspects of oil 
shipments in the Mediterranean as a function of such considera- 
tions as opening the Suez Canal and variations in American policy. 
The vast bulk of world oil shipments occurs in the Mediterranean, 
and thai smallish body of water is already hravily polluted with 
petroleum. It is expected that Dr. Sacco will pursue this study 
when he returns to Italy in early 1974. 

During the summer, Karl-Goran Maler of the Stockholm School 
of Economics spent several weeks at RFF with the quality of the 
environment program. The main reason for his visit was to work 
closely with the editor in putting final touches on his manuscript 
(see p. 58). While available, he gave several seminars, including 
one on environmental issues in the Baltic. 



In .hi^liJioii Id \ho hWrmmc inton*?it of the onvimnmenlnl prob- 
Irins of tho ll.iltic: iu\i\ Ihr M<:ditorranonn, study of thesf* probkms 
hy iho staff anil visitinj^ M:holars roflocted a m?vv diror.lion in RFF 
onvironmrntal studies. 

MA\ niKKCTinxs 

Up to this tinuN th<^ quality of the onvironniont program has 
focused rathi^r specifically on tho issues associated with residuals 
manaRement. It has larj^ely avoided addressing questions of land- 
scape aesthetics nm\ land use policy. It has also neglected probing 
study of resource commodities, unless their relation to residuals 
Tuana^ement questions was very close. Partly to permit a more 
comprehensive view of the resources-environment-human activi- 
ties complex, and partly because specific types of refiional situa- 
tions have assumed great importance in economic development 
and environmental policy making, members of the program are 
developing initiatives in the direction of several **regions under 
stress" studies. 

Among such regions are the coastal zones. They contain the 
bulk of the national population; their amenities and recreational 
opportunities are very important; they have intense and peculiar 
environmental problems; and they have been the subject of recent 
national Irgislation. An early RFF study in this area was a paper 
prepared by Clifford Russell and Allen Kneese for presentation at 
a National Oceanic and Atmospheric Administration conference 
in Washington State during July 1973. The paper, "Establishing the 
Scientific, Technological, and Economic Basis for Coastal Zone 
Management/' stressed the importance of coastal zone problems, 
tried to distinguish those which are unique to the coastal zones 
and those which are universal where common property resources 
are important, and presented several conceptual models for the 
study of particular coastal zone problems. This paper is scheduled 
for publication in the nc^"' Journol of Goflsfal Zone Monagement. 

An activity that reaches fu ther back in time is ihe RFF staff *s 
work with National Oceanic and Atmospheric Administration 
(NOAA] personnel on the development of marine ecological sys- 
tem programs. Partly because of this effort, NOAA established 
its ecologically oriented study of the New York Bight Region- 
Quahty of the environment staff members arc assisting NOAA in 
developing conceptual models for this enterprise, especially in the 
direction of making its outputs suitable for inclusion in more 
management-oriented models. We expect this cooperative entei- 
prise to continue and possibly grow into a full-scale management 
study under RFF auspices. The Delaware modeling team will take 
the major role in this. Initiatives are also being taken to develop 
companion studies abroad. As mentioned, plans are being laid for 
71 Guiseppe Sacco to study environmental problems in the Mediter- 
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iMnrati Hasiii, and dis<:ussions air undirnvay with \\\v. Ihnvrrnily 
n! I,nii\ain 1u lAliMul a hu\m» ri:oloj}i<:;d shidy «t ihi? North Soa in 
tho ihiri tjnn <)l <h*iininj^ and analyzing manaj^iMirr.t upHons, 

Another ' rri^Jon wmivt siross" \vhii:h the quality of thv rnvirnn- 
mvn\ st,iff intends to study is tho Southwest, This is dollninl to 
f.onsist t)i \hv ' \\nn Ctirnors'' stalos of Arizona. Utah. Colorado, 
an<l N<nv Mt^xica) hut also, for <:rrtaii\ purposes, to inchido Wyv 
minj^ and Mtnuana, This rry»i«^" contains most of tho roinaininj» 
i:onvon!ional rniMj»y supply in the Unitod Statos, and several un- 
c:onvrntional sour<:rs in this roKi<>"* sudi as solar and j^eothrrmal* 
aro of pottnitiaily vjiWl iinportanci?. This roj^ion is also of major 
int<Most hfM:ausi> it is rolativoly unspoihul, ^riNitly vaUi<^d for its 
am*'nitios and rr<:roational opportunitios, hut is ocolo^ically v«^ry 
drli<:ali\ Tho cumflict holwoon dov4^1opni<mt and *^nvironmi^nt laki^s 
a ]\^rli<:ularly stark form }um\ and the matt<?r of properly mana^- 
inii drvi^lopmmit has j^r*^at urj^ency. In addition to tho i:ompl4*x of 
qurstions nnncerniuK land uso, onorj^y, onvironmontal, and oco- 
noniic <lrvdopmont> this aroa c:ontains tho last romainin5» nativo 
Ami*ri<:an populations with hiy^h cultural intoj^rity* as woll as a 
sid)stan1inl Spanish-spoakinj^ minority- Tho socioloj^ical circum- 
s!an<:rs of both thoso pooplos aro dosoly tiod to rosourco and 
iMu ironnuMital issues. 

An oponini; initiative in the RFF study of the Southwest was to 
ask R<rqor Hanson, Director of tho Rocky Mountain Cont^^r on 
Knxironment, to .study the le^^al and policy situation with respec! 
to minin.i; in tho region. Ho will do a comparative analysis of laws 
in the sevi^ral states and at the national level, including? those, such 
as tax laws, which have indirect incentive effects on mining 
operations. Discussions are proceedinj^ with other scholars in the 
ret^ion on various facets of the issues discussed above. It is 
exported that Allen Kneose will take a leadinj^ role in this RFF 
study whiMi he moves to tho University of New Mexico in the 
summer of 1074, 
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Natural Environments 



About an pon pnl of \ho, land mass of the United States has come 
unilor pri\at4^ ownership. This land has ])een used predominantly 
to support \hi) sitrs of human resitlonces, transporliitinn networks, 
and oxtractivo activilirs to supply an urban-industrial <?conomy. 
Of Ihi* r« mainini; 20 p(^r<:ent in public: ownership, a lar^^e part also 
servi^s as a si)Urre oi mineral and ft^rest products^ Indeed, of the 
ti)tal land area in the coterminous United States, on' • about 50 
million of the orii^inal 2 billion acres remain suffidently un- 
ilisturbed by man's ercmomii; activities to qualify for potential 
inclusion uilhin ihe National Wilderness and Wild and Scenic 
Rivers SystiMUs undiT li'rms of *h*? lej^islalion establishing thcr- 
Currrntly, less than six-tenths oi 1 percent of this land exists in 
the statutory wilderness system, with perhaps another 2 percent 
uniler nniew. This review will determine whether the land will be 
used to supply raw materials for industry o- reserved for recrea- 
tional and environmental \ises. The two dispositions are not usually 
compatible. 

The task that public land management agencies face in adminis- 
terin.^ thc^se lands for maximum benefit is complicated by the na- 
ture of some of the sites. Some natural environments are irreplace- 
able. If they are aHocated a use that modifies or destroys them, 
they cannot be returned to their original state and thus may be 
permanently prt^rhided from other uses. Although some of the 
country's natural areas with special features enjoy statutory pro- 
tection and are not subject to exploitation for t^ :\t resource 
commodities, much of the undisturbed natural environment re- 
maining on public lands faces, in varying degrees, the possibility 
of being transformeil through reallocation — often without thor- 
ough analysis of the relative values attaching to the alternative 
uses. If the hundreds of public land use cases which will require 
attention over the next decade are to receive the kind of analysis 
they deserve, public land managemei.t agencies should have ade- 
quate means for considering choices that involve, in many cases, 
destruction of irreproduciblc assets. 



The natural onvironnionls proj^ram at Rosourcps for Iho Future 
has hvvw dir<>Gt€d toward iuothod«U)Ki<^aI issues that arise when 
choia^s need to he made anumj? ahernative uses of remaining 
natural areas. The preservation of such areas for uses compatible 
with the continued existence of their natural states is of course one 
of the alternatives considered. In the first phase of the program, 
nine major n?search undertakings addressing these issues were 
completed^ and preliminary results were reported and discussed 
at a workshop held in collaboration with the Forest Sciences Lab- 
oratory of the ILS, Forest Service and the Univerjity of Montana. 
A book based on the workshop report, entitled Noturol Environ- 
mvnts: Studies in TheoretieoJ and Applwd AnolysiV, edited by 
lohn Krutilla. w*as published during the program year. Also pub- 
lished was a study, by Charles }. Cicchetti, of the environmental 
implications of raiding and transporting to market Alaskan North 
Slope oil, entitled AJoskan Oil: AhcrnQiivc Routes and Murkels. 
Cicchctti, who left RFF in the summer of 1972 to join the staff of 
the University of Wisconsin, also published a monograph entitled 
ForecQstiny, Recreation in the United States {Lexington Books, 
D, C. Heath and Co.]» which reviews the use of economic methods 
in recreation planning and illustrates the application of a fore- 
casting model thai can be used for outdoor recreation planning. 
He w*as coauthor, with Anthony C. Fisher and V. Kerry Smith, of 
a paper appearing in Oneration,s Hascarch entitled "Economic 
Models and ^ ;iing Outdoor Recreation." 

Uncertainty and Environmental Policy 

A group of studies were completed which involved the problem 
of choice under conditions of uncertainty in the allocation of wild 
lands and water. These studies also considered the appropriateness 
of discounting costs, as well as the discount rate to be applied in 
decisions involving environmental modifications, and the implica- 
tions of technological change for choice between incompatible 
alternative uses of irreplaceable assets. The results of these 
studies were accepted for publication either by RFF or professional 
journals. 

An important aspect of the theory of optimal allocation of en- 
vironmental resources concerns the choice between preservation 
and development of natural environments under conditions of 
uncertainty. Uncertainty affects even our best estimates of future 
benefits and the cost of alternative uses of environmental assets. 
Kenneth Arrow and Anthony Fisher, in a study concerned with 
this problem, conclude that uncertainty about costs and benefits 
reduces the expected value of a development having irreversible 
consequences for the environment. This implies tha*. even assum- 
^-^ ing perfect neutraliiy with respect to risk, less of a given natural 
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arna should be modified than would be optimal if all of the costs 
anti biMH^fils were known. If there is aversion to risk, this con- 
clusion applies with increased force. The results of the Arrow- 
Fisher study will appear in a paper acce])ted for publication by the 

Quarf^^rJy Journal of Ernnomirs. 

Thv ihilv oi Discount 

The rate at which future costs and benefits associated with 
investments are to be discounted — particularly those in the public 
sector or involving environmental resources ~ has long been of 
interest to students of welfare economics and benefit-cost analysis. 
The study by Anthony Fisher and John Krutilla, which was re~ 
ported on in last year s annual report, has been completed and a 
paper based on it is hvAng published in the Quarterly Journal of 
Economics, 

Effects of Technicol Chnnge 

T\v} effects of technical innovation on the changes in values of 
services from environmental resources, relative to other goods and 
services, have been under study by V. Kerry Smith, as described in 
last year's annual report. 

The results of the general investigation have been made avail- 
able in several publications. Two of these arc: "A Review of 
Models t)f Technical Change With Ref^^rence to the Role of En- 
vironmental Resources/* Socio Economic Planning Science, and 
• Relative Prices, Technical Change and Environmental Resources/' 
NnturaJ Resources Journer Related papers have appeared or are 
scheduled to appear in forthcoming journal issues. Included among 
these are "The Implication of Common Property Resources for 
Technical Change," in the December 1972 issue of the European 
Economic Review, and ^'Environment, Needs and Real Income 
Comparisons: A Sug^jested Extension/' in the Review of Income 
and Wealth. A major monograph in which the principal findings 
are integrated was accepted for publication, and the manuscript 
was undergoing author's revisions at the end of the program year. 

Economic Management of Migratory Waterfowl 

Although much research has been devoted to the efficient allo- 
cation of land for agricultural purposes, little has been done on 
the allocation of land for recreational purposes involving wildlife. 
Over a million individuals annually hunt, view, or photograph 
migratory waterfowl yet most of the r^esting and resting habitats 
of migratory waterfowl occur on private lands devoted to the 
production of agricultural commodities. On such land, no explicit 
attention is given to services that would provide for the mainte- 
nance of a population of waterfowl. Gardner Mallard Brown and 



} tinuna^.k haM^ c^^mploitni a siuily that atMrrssos this pr«bU>jn. 

i lu \ lii-cin with a ihiuirrliial m<hlrl that yirUls i\n vs\um\\v <if 
ihv uhn\i\u^\] \aluo of walrrhnvl to Inuitrrs. Yhiy thin \mm\\U\\v 
a mudi^l ior ilrtorminint' optimal Wrls of waforfow] hriMnHnj> 
pojnilatKM^s .md ii«^stiiv^ poivls. .suhjr<:1 to \hv <)ynamii: ronstrain! 

pupuKithMi -loudi as ,dfiM tmi by human prrdatiun. Optimal 
Irvols ,iiv lhat nia\iniiz<* tho pn^siMil va!uo of thr iJiffrrrna* 

h<MurtM^ nniralinn hunlmv! b'^i^^lits Jthi? hunti^rs' consumer sur- 
pins), .is UfArlnjMMj frnin thi* imputml domand si:hiMhdi\s, and \hv 
i:nst \m ti>rms nj lon^^^i>n<^ a'^^rictiJlural oppnrUinitios) nf \hv. hrevih 
Uvi ponds. An appliratsnn i^f this analysis to tho qnostion of wet- 
lands alitH ation sni»?^rsts thai ihv nbsorviMl minibn* nf brrrdors 
.ind bjrrduix* pnnds has bron Irss than optimal in m:iMit Vi^ars. 

Sunnisny rrstdts oi ihjs s ndy \vim'<^ }nd)Hshin! in an arti<:lo m- 
litlrd Ihnamit: Kronomii: ..lanai^rtnrnt of Mij^ralory \Yal<^rf(nvl/' 
in tbi^ Hrviriv of Krononot s timl SUiiistus. A fuU-lon^th mono- 
i:raf)h OI ihr rrsiMn h is <:nrrrntly boinj^ n visrd by thr anthors. 

r*)pnJ(jfioo DynnniH s of WiJdJjfp Maua^vnuynt 

Mrsinnccs niani^i^nionl inipHrs an rflort to find thr optimal mix 
o! ontjjuls Ujat <:an bo providrd by a i:ombjnation of rosonrcos 
uiuh r a mana^*rr's rontrnl. This should ho no li\ss truo of tho 
Mi.Hia'.MMnrnf of uildlif*^ rrsonn:rs than of nthor rrsuun;es. Undrr 
a ys.un trnm RF!-\ l-tck (^ross of \hv Ihiivt^rsily of Colnradn has 
J)rrn uoikinu dp wildlife population dynaniii^s simulator. This 
wili mimic !h** bohavior of imj^rlafo populations in rrsponsr to 
jirriurhations imposod by hunting and rrlatod ro^Rulations und<?r 
tho ronlrul of tho wildlifo man.ij^<»r, Thn simulator will piny nut 
Iho ronsoqnonrrs of a postulated (or proposed] chanj^p in rr^^ula- 
tinns for all of tho system porformancn mtoria and in this 
fashion (:hr<:k fur r.onsist<nn:y botwoon proposed f:han|?ps and 
manatHMniMit objoctivrs. For rxamplc, it is possible lo doterminp 
whrlhor a chan^^r in n\Qulations, such as harvesting a ^^iven num- 
ber of male or female animals, will maintain the desired aj^e-se\ 
composition of the breedinj» stock. These are measures of 
performance or potential objectives of management that are 
intricately related throuj^h population dynamics. The state of the 
system in all of its int4*rrelated attributes is not intuitively obvious 
alter it is subjected to some nhany^e in one or another of its 
yoverninj; factors. Thus the simulator provides a management 
tool that permits ^ expenmentin^^" with different postulated prac- 
tice's or policies to evaluate the consistency of their results with 
all rnanar^ement objectives, or the trade-offs involved. 

At the end of the projRram year the simulator was operational 
;nid could be used in wildlife management planniuR. Exploratory 
discajssions with behavioral and social scientists were conducted 
with the thouj4ht that ecological research on wildlife population 
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lall ihx^hl, A u]}iuhrr ivjii hi' kilin! lnUliniv^!) nut nrM^ssuni\- fiiju^^ri/j 
hy Iniiifrfs. Of flir i i-jDinuiiri , tin!\ a srnuJI pi^i* t^ulnxn; sni\i\r DnHttr's 

Hrr-sp'JJisorrd sfiH/\- iiy Jmhi /JnnnjUH-li np*/ f^nniju'i MjiN^mJ iiroixn, 
sjs/' fioni wiu'ii fins iiiusirani js j r|)jrjilnriNj. 

dynamirr, cauhl be si!p])li^miMit<vl by roinplriiKMitnry icsi-inch in 
\hc hum;m bohnvinral srirnrrs. Such rc^srarch wiuiUl assist the 
wiliHifn inanaj^i^r in drtiTniinin** \hv. i:]U'u\r]v. groups, or *'mar- 
krts" for his nvsourrn siTviCt^s and thr pn*i«*rrn(:<' sirnriurr ainonj* 
thf) m<»nibors of v^uh ijmup. 



Rrji»ard]i?ss of thi! amount of roailh^ss wild anw thai may he 
added eventuaily to tho statutory wihlnrness sysl^mi, the in<li- 
cated deman<l will in time ijxnord the supply unh?ss c:on^<'stion of 
i\ dv^TVA) inrompatiblr with n?lainin<^ iht? wildrrniiss character of 
\h() arras is fiormitlrd. The (jurstion thi^n arises as to liow many 
people one can admit to a wildern<*ss area (hiring: any interval of 
time and still retain the character r)f the area r;onsistent with the 
intent of the Wilderness Act of 1064. "I'his problem received early 



•iflonlion by Tishi^r .uu\ Kiutilla in iiocjporalion uilh \hv Vtivvni 
Snrnrrs l..ihnr;5toiy ni \hv VS. Fon^sl Si^nio^ Wihlornoss Rr^ 
MMn.h Projrf t, MissnuKi, Moni,in,i \svv \hv, 1971 iinmial rnport. p. 

In a papier rntiHiMl "OpIini^U Ri^f:rratmn Oipjicity for Rosinirco- 
HasiMl RiM:r<Mlinn Faialitios** l.VcjiurcjJ fii\sourres |f)unhiij, a i:oin:f^p- 
lua! hani<n\nrk !or idiMJt jfyint^ \hv riM:naUonal i:amins capacity 
of vYihh^rnt^ss iwvi^s was pn*si*nt<ML La ton Cicrhrtti and Smith, in 
ronpoiatiim with Rnhwi Lucas ami {;r«r«r Stankin' of the Wildi^r- 
nrss Rosi^^nrh ProjiM:!, U.S. FDrvsl Si>rvio\ ilf»vol«priJ inrasnn\s of 
thr roiiuctiun in nian^inal bnnrfits prr rocn^alion «lay in ihi^ wildt r- 
jM^ss as \he rxprclinl friMpirncy of rnr.ounlrrs incrrasotL Thnr 
n^snlts wvrv published in Soritjl Sriimr?? Hf^sonrrh in a paprr vn- 
\\\\vxi *<!on\^<^^1ion. Quality Dpti^ioraiinn, and Optimal Usr: Wild^ 
finrss Ri^rration in thr Spanish Poaks Primitix o Aroa," A mon^ 
mnnplrto triMtmiMi! of monos^raph h'n^th was noar romph^tion at 
\hv vm] of Ihr yinir, 

\ViWi'rn*\ss TruHu: SininJ^jJor 

In addition to brinj: abli* to nuMsiiro thr drrlinr in marginal 
brnrfits as Ihi^ rxpin^tiMl fmpjrncy of cront^ostinn in thi^ wihb^rnrss 
incrrasrs, thr wihh^rnpss arra mana^^or mnst havr the moans nf 
osfimatin^* thr oxporltMl frrqurncy of personal rnconntor as in- 
tensity of usr incroasrs. With this nood in mind, a traffic flow 
simulaff)r which mimics tho Irnvcl behavior of imlivitbials nsinj^ 
the wildcrnoss was dcvcloprd by Charles Cicchotti, John Krntilln. 
and Kerry Smith with the proj^ramniinj? nssislnnro of David 
Webster and Norman Heck, a team of IBM analyst-proRrammers. 
The effort was part of a cooperative research agreement with the 
U.S. Fori\st Service. 

The mode] hns the ability to represent, with the appropriate data, 
any low-densiJy rocrealional area. It simidates the behavior of 
the users of the area over preassij^ned time periods and records 
the chara<;leristics of each party's experience while usinj^ the 
area. T.reat flexilnlily in the desij»n of the pro)^ram allows thn user 
to alter the travel patterns, total use, time schedubnj?, and the 
conilsnration of trails in order to evaluate alternative policies* By 
the yearns end the projjram and user manual were available. 
Moreover. a variety of simidal.on experiments had been performed 
with a small prototype model. Somr of these results are avoilable 
in "A Prototype Simulation Model of a Wilderness Area." SUNY 
Binj^hamton, Economic Crowth Institute, Paper No, 8, 

With the be^^inninj» of the new academic year, V, Kerry Smith 
moved to n position as associate professor of economics at the 
State University of New York at BinRhamton. A j^rant of $10,250 
was made to the ITniversiiy to support continuation of Smith's 
work, which applies the simulator to the evaluation of the effects 
of alternative manaj^ement options on the quality of wilderness 
recreation experience in the Spanish Peaks Primitive Area of 



MtnH,jn.t PniuA options iin:]iHlo rosUii:lio« on \hv tUstrihU' 
tun of uM»is su^.h as .ulx.uu:^ it\uisn,niujj mii^ht rntail iiltoralions 
in tho piohabihly rouh* srlrrJion by pai!i<^s. iihanj^os in \hv 
tot.il inbMisily oi usi\ <;han«i* m \hv mix (hai:kp,n:k or horseback] 
of nsiM\s. ])otontial <hani:i*s in th<* Irai! systi^ni. ami a variiMy ol 
othn nonpnu^ and inxrshnrnt s1r.iU*)^ifS, Thv n»siills will <:om- 
plonnM^t work Smitb Mnnph^lrd whWv a1 Rrsoura^s for iho Fnlurn 
and will br inrorporiMml into a nionoj^rapli ho is pn»parins jointly 
with |ohn Krnlilla. 

Plans wrrn biMn\; tbn^lopiiul tt) hold sovrral workshops with 
Forrsi Si^rxii:^^ rrsrarch and nianaj^iinnrnl prrsonnrl to firld tost 
iho simnlntor ;ind rarryini^ caparily models dnrijty \hv final phaso 
of iho wurk i)n iho "<:on,i^osti<n) <:arryin,q <:a])a<:i1y" prt^jort. 

Ald.nCAi'lOX Oi j WlKONNli MWI. KKSOrHCi.S 

As tho rnd of tho first fivi>-yoar i^iTort in tho natural environments 
proj^ram was approarhint^. Fisher antl Krniilla wen^ pn^parin^ a 
synthesis of work undertaken in the proj^ram. The study primarily 
adtlresses the mattiT of allocatinj^ and administering^ public lands 
whH:h n*])resent what is left uf \h%* major U.S. natural s<:eni<: re- 
sources, alon^ with certain associated <:ommon property resources. 
On the thfM)rotical side, the stutly is t:oncerned with developini^ <:ri- 
toria for <^vahiatini» alternative uses of these natural anM environ- 
m#Mital resotirces, and determining^ their optimal allocation over 
time. The work encompasses the ranj^e of amenity resources 
which, while lon^ rec<)Sni'/ed (and to a j^rrat extent honored in 
public policirs that provitlo for national parks, national wildlife 
rrfu«es. and the National Wilderness System), liave not been ex- 
plie.itly incorporated into the body of «M:on(.mir:s an<l, hence, into 
the theory and practice of resource alloration. In this respect, the 
undiTtakin)^ is a "first generation" effort d(vsi>^ned to incorporate 
environmental amcmities into resource allocation and manaRnment 
analyses. The theoretical considerations provide a framework for 
empirical analyses, which, it is hoped, represent for public land 
managers prototypes of a number of c:urrently important cases in 
which competinj^ uses are at issue. 

At the conclusion of the program year, the manuscript was beinfi 
reviewed preparatory to final revisions. 
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mn)\jj)s cuncrrnod with \hv problom, loiuHnt^ to a iK^Uonnl Ci^nfor- 
vui:c hv\d in rarly 11)73. 

Thr RFF j^nint was mad<^ sp(H:iru:ajly for tho purposo of hdpins 
th«* Lrayuo prrparr n handbook on this sulijvct, sinnlar lo th<^ KIT 
^L^rant mado in nm3 for handbook on wairr plannhij^ probloms 
and issih s. Thv 8ub\nban land phinninj^ hamlbcM^k, whon Kum- 
plrtt^l, will bo published by ihe Loaj^uo and widcdy ilissominatod, 

Sfrut njn.' und IhmrUon of Mmhn for Soullu^rn Forrsf nosoun?(\s 

A small j^rant was mado to Washini^tnn anil l.or University dur- 
inj^ thr Mro::!ram ytwr 1o stiuly tbo strurJun^ and funrJionins of iho 
market lor Soaiborn forrst ])roducts, particnlarly pnlpwood. Thr 
maikot for pulpwood is bolirwd to bavo mnisual <:bara<:trristics 
bi causr most papor nianufar.tuiins (:ompanii\s in thn South pnv 
du<:o som<^ ol thf* wooil nrodrd for tbrir noHs and also buy sonio. 
Wood, brini^ a rrlaiivdy hravy raw matorial in n' .ion to its 
valut\ ofton has a loral markot, onr not fully roni]iotitiV(^ in ihr? 
economic: srnsr of iho torm. In particular, hnyrrs of wot)il in rach 
aroa aro rolaJivrly fow an<l, in buyin^^ wood, i^ar.h must br ar.utoly 
awar ^ nf tht^ effect of his purchasers upon thr market prico for \hv 
wholr area. 

Tt)dd Lowry. \hv principal invrs!i<^ator, and his studrnis 
intrrvimvod a numbri of wood processors, buyers, and Rrow.^rs 
Sfdecte<l Southern areas in the sprie.j^ an<l e^irly summer of 
1973. The pr()j«?ct has not yet reached its final staj^e. hut a pnb- 
lishable r«^purt or article is expectrd, 

Fed<?rol Resnurrc-Mana^inji^ A^oncics 

A small i^irant was made by RFF to Northwestern University 
durinj^ the projjram year, to enable H. Paul Friesemn. a professor 
at the tlniversity, and Paui |. Gulhane, a Rraduate student, to 
further their analysis of federal resource-managinj:; aj^euries. The 
y > lit Will he used by the researchers to conduct field interviews 
in the Hlack Hills area of South Dakota, to determine how federal 
nt^ericies reacted to the flooding? of that area in 1972. This work in 
part of a <:ontinuiT analysis of federal resource-manaj^inj? ngen- 
raes undertaken by Friesema, who was the recipient of a similar 
RFF srant a few years ago for a study of New Mexico. 

Forasi Policy Studies 

During the program year Marion Clawson devoted a significant 
proportion of his working time to the President's Advisory Panel 
on Timber and the Environment, a special panel of five members, 
established by executive action in Sepi.^mber 1971. The Panel 
report, which was publicly released on September 24, 1973, was 
coiicerned with the supply of lumber, plywood, and other con- 
structior materials originating from the forest, and with the rela- 
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Commerciai foTost land represents about two-ihirds of the nation's 
754 milUon acres of forests. The totoi area of commeTcial forest Jand 
r.oni^titvtcs sii^hdy more than o quarter of the land area of the con- 
tiguous llniiad States, Commercial forests substantially exceed the 
crea of land used for crop production, even when cultwated posture 
is included. Two facts atand out when the data in this table are further 
analyzed: 1, There is a u'itJe range in productive capacity v^lthin eacli 
ownership class: no ownership class of forests has all the most pro- 
ductive forests, none has all the least productive ones, 2, The distribu- 
tion of land area among the site clasi 98 differs greolly from the 
distribution of productive capacity, (Site class is a measure of the 
.:apacity of forest land to f^row timber; the rate of tree f^rowth is of 
course affected by climate, sail, and the associated fauna and flora of 
the site.) 



lionship bi^twi^on production of such materials and the forest 
onvininment. The report makes a number of specific roconimenda- 
tions on environmental and timber supply matters, prcsentinfi an 
ext^eUont review of the forest situation in the United States, and 
outlinin)» suj^^estions for management of forests, both publicly 
and privately owned. As a result of Clawson*s activities on this 
panel, RFF has beRun work on a projgram of forest policy research, 
to provide a better analytical basis for forest activity in the United 
States. 

Vpsun^ii of Interest in Land Uso, ond lis Impact on RFF 

The past two or three years have seen an upsurge of interest in 
land use and in land policy. A number of studies have been made 
by public agencies or commissions, by scmipublic organizations, 
and bj private parties. Proposals are pending in the Congress for 
federal liE^gislation on land use planning. Many states have either 
enacted legislation, or conducted major studies, or otherwise 
shown a major interest in land use. The rising price of lard, and 
of real estate generally — both rural and urban — has focused 
popular attention on land use and its control, including land for 
urban, suburban, agricultural forestry, and recreational uses. 

This heightened interest in land use has had a parallel in RFF 
research. Over the past several years a number of studies have 
been made by RFF staff, or under grant from RFF, resulting in the 
accumulation of a considerable body of published research on one 
or another aspect of land use in the United States. Members of 
the staff are actively sought after, nationally and internationally, 
to present ideas and facts about various aspects of land use. The 
list of "selected activities*' and of selected papers published in 
this report {pp. 126-37), gives some indication of the range and 
volume of such staff concerns. While these activities are not re- 
search in the older sense of that term, they do add to the knowl- 
edge and understanding of the RFF staff members concerned, pro- 
viding a major extension of the utilization of past RFF research 
beyond that which the published books alone could achieve. 
Indirectly, such activities may have a significant effect upon land 
policy, perhaps greater than could be expected from a similar 
expenditure of time in research more narrowly defined and more 
ccnventionally published. 

A* the end of the year, Boyd H, Gibbons III transferred from the 
staff of ihe Council on Environmental Quality to Resources for the 
Future in order to prepare a book on national land use problems 
and alternatives. 

Moderni?^' ^ Urban Land Policy 

If cities are to be developed or rebuilt to serve a broader con- 
stituency, there must be botib procedural and substantive improve- 



mvni in many urban land proj^rams and beth^r iiourdinalion of 
puhlii: and privali? actions. 

As dojsiTitiod in last yi»ar's annual roptirl, a publio forum on 
urban land policy was hrld at RFF in April 1972 to disr.uss such 
difficult qui\stions as land us<? controls and thr* costs thoV impose 
un minority jjroups; l*\\^al questions; and how innironmontal con- 
corns must bo balanced against conc:i>rn for the disadvantaj^ed. 

Tht^ volunu?. Modi?rinxHij? ihbnn Land Policy, that resuli<Hl from 
this forum was published during the program ynar. The final 
chapter* written by Marion Clawson, the ciHtor of the volume^ and 
Harvey S, Perloff of the University of California a! Los Angeles, 
sums up the alternatives available and recommends policy lines 
to follow in the future, 

Plonmng and Urban Growth 

The difficulties and complexities of guiding uiban growth, and 
the real danger that unwise efforts may worsen the situations they 
are designed to corrcrct, are exploited in considerable depth and 
{letail in the newly published. Plnnning and Urban Growth: An 
An^h^Amehvan t^ompanson. by Marion Clawson and Peter Hall. 
Perhaps the most important conclusion em erging from this book, 
which was described in detail in last year's annual report, is that 
the results of urban planning are not always those which were 
intended, nor are the real results always those which a superficial 
examination would suggest. 

Studies of Wafer Use 

Dan Yaron and his associates at the Hebrew University, Israel, 
have for soire years conducted economic studies on the use of 
saline water for irrigation, under grant from RFF. During the pro- 
gram year two professional papers presented results of this re- 
search: '^Economic Analysis of Optimal Use of Saline Water in 
Irrigation and the Evaluation of Water Quality," by Dan Yaron, at 
the Western Pesources Conference, Boulder, Colorado; and "Eco- 
nomic Evaluation of Water Quality in Irrigation — Methodology 
and Some Empirical Findings/' by Dan Yaron and A. Olian, at the 
Institute of Management Sciences, XX International Meeting, Tel 
Aviv, Another paper will appear in the Journal of Horticultural 
Scienca, and a final report was in preparation at the year's end. 



Energy and Minerals 



Solutions to th<^ iMi^^rj^y probkms that confront \hv. Unitt^d Statos 
will roquirr a <::)mplox srt of achinvonn^ints. The supply of nnrrj^y 
from <:on\r]Uiunal sSourors nrods to bo cxpan<l(!d undt?r acceptable 
cost an<l riu ironnuMital conditions. In addition, new trchnolo^it^s 
will htivi? U) h<? tlmisvd to prrniit abundant rosourrrs to bo sub- 
stituted ft)r ihose in ' iiort supply, a^nin with due re5:;ard 1o <:osts 
antl environmrntal circnmstancrs. It is likely also tijnt improved 
performan<:e in the utilization of ent^rj^y will be necessary, so as 
to rrduce \hv continuous draft on nvw inwr^y supplies. FinaHy. to 
nun<? ?aHu;ossfuly ui these directions, improved un<lerstandin^ of 
thf? relatif-nships between the supply of rner5:|y and the require- 
nif^nis of society, as well as improved analytical techniques for 
utili/in*.; our knowled^^e of these relationships* will be sorely 
needed to 5^uide policy action. 

Research within the <^nerj?y proj^ram touches upon these various 
fac«Ms. Enerj.*y supply is bnin^ analy:<pd in a major study that 
examines the broad ran^^e of options open to the United States for 
meetinji; its future needs; another study is specifically devoted to 
the research and development opportunities in new enerji^y tech- 
nolotiies. The prospects for achievinj? jireater economies in energy 
use are beinj? examined in a case study of opportunities for 
rnnr^y conservation in the New York metropolitan rej^ion. Im- 
proved understanding^ of the relationships between ener^^y use 
and society is bein^ sou^^ht in a study of social science research 
needs in the enerjijy field, undertaken for he National Science 
Foundation. Methodoloj^ical advances to permit better utilization 
of knowledge about the various aspects of en^r^y we-c the objec- 
tive of a semir ir and publication in the area of energy modeling. 

Publications during the year included the release early in 1973 
of M. A. Adelman's widely noted study of The World Peirolcum 
Mdfkef, The analysis presented in the book, and arguments de- 
rived from that analysis, played a prominent part in energy policy 
discussions during the year. Two publications in the newly 
established Working Paper series were also released: Energy Mod- 



I Jini^ tun! rtitlrms of Knvr\iy dmsumpium in thv CrvuiDT N«nv 
York iUty Arva. 

At tho rnd o! tho pro,uram \var, Hans Landsbors was naniod 
to !hr post of pniijram diror.lur, Sam H, Srhurr* who has din»clod 
iho *nirri^y and minerals program sino^ its incrption, has boi:omn^ 
ihro^:tor ul Kni^r^V Syslrins, Hnvirnnmonl and Cunsi?rva!ion at thr 
nowly i^stablishod K!iH:lric Povw^r Rosoarch Instituti?, Durins thi^ 
y<*ar Harry Porry was appointed as a consultant to the tnu^rfiy and 
mini*rals ])n)sram. 

PROCKAM OF ].X1.R(;Y S'lmiKS 

lis. Energy .*^uppjy Options 

A study of U,S, im^r^^y supply options, financed by a grant from 
tht? Ford Foundation as part of its Er^^rgy Policy Project* was in 
draft stage at the close of the program year. When the study was 
started a year ago. there was a consensus that the nation was 
moving toward a long-run position of heavy dependence upon 
imported oil and, to a lesser extent, natural gas. In view of the 
nation's large resource basi? of coal, oil shale, and nuclear fuels, 
and the probable existence of substantial underground resources 
of crude oil and natural gas, it was clear that, given ^nough Mme, 
public policy flirected toward an enlarged domestic supply capa- 
bility could be expected to meet with some d(*gree of success. 
However, the trend toward contraction of domestic supplies of 
oil and gas had sufficient momentum that increased dependence 
upon foreign sources in the short term was considered inevitable. 

In the year that has elapsed since the study was started, national 
concern about dependence on foreign sources has grown as a 
result of such factors is (a) the successful pressure from all oil 
exporting countries for substantial price increases; {b) the nation- 
alization of foreign petroleum investments in some countries; and 
(c] the threat that many exporting countries, for both political and 
economic reasons, might not permit exports to grow enough to 
meet the import requirements of the United States and other 
industrial nations. Even the hopes that a high degree of self- 
sufficiericy vvonld b.^ obtained for North America wrre dimmed by 
Canada's concern about the adequacy of energy resources to meet 
its own national needs. 

Looking to 1980-85, preliminary results of the RFF research 
suggest that the outlook for expansion of domestic supplies of oil, 
natural gas, and coal is better than had been generally thought. 
On the other hand, the prospects for increased energy' supplies 
through advanced technology within the next decade are not 
favorable, with the exception of oil shale, for which the amount 
of new technology required is actually not large. Nuclear energy 
will, of course, play an increasing role within this period but does 
ti6 not seem to lend itself well to much acceleration in growth. Toward 
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th«^ vui] u\ \hv cvniuvy now t^norj^y t<n:hnnlnj^iii^s such as ^fiolnn 
oUuMindK hirodrr n\u:1ors» iuul fusion UNH^tors may hv^in to 
play a sii^niiitMnt volw but il ih*? inmd ttnvan! usin^ imports is to 
hv U'\vvsiH\, ihv «inmi^sti<: prodm:tion iMnphasis ^luriu)^ Iho next 
<it»< Mtir probably will nvvd to hv. on oil, nalurai j^as» :m\ va)a\ 
iusOiJ as t.oal). 

hi atlilition to Milton F, Srarl of tho rr^ular staff, the stmly 
tram im:ludrH Cin^5»y !'ni:kson. formerly staff economist on ihv, 
]im\\ V\])iAmv lm]yAc\ ('onmotltM) of thi^ Alaska Slato Lrsijil^i*un\ 
Miko M, Maaj^houl a rosinirch assistant in (:hrmi<;al iinHi^^H^rins 
at th<^ l^nSvi^rsity of Maryland, and Radfortl Sdiantz HI, Othor 
mrmbrrs of th<* j^roap. wbo rrmain in rrsidonco at ihoir rospi^cliyt? 
univrrsitirs, arr Rii:hard Cordon and John Tillon of thr D(?part- 
xnvn\ of Minrral K<:ononn«:s. Prnnsylvania Stato Unavorsily; Honry 
Strrlr of tho K<;onomics IDopartmont, Univt^rsity of Houston; and 
Ib^lnnit Frank of thi) Et:ont)nnr.s DopnrtnuMit, University of 
Arii^ona. 

An Ovi^rvi^nv of Knrr^^y Ufr}} 

In rpS})onsi> to n roquost from thn Committcp on Inti^rior and 
Insular Affairs of thi^ U.S. S^matr, RFF undertook thr? preparation 
of an ovi^rviinv roport on rnrrj^y n\soarch and d^nolopment, for 
UNO in \hv \\UJ'mal Fu<^]s und Fnrrj^y P<dir.y Stu«ly biMUt^ ronductod 
by tbp Comnut!<M\ 

Tho main contribution of the report is in its description and 
analysis of ;ilternative stratORi<?s for meetinj^ the short-, medium-, 
and Ion}4-term enerj^y needs of the United States. A very wide 
ranj^e of new enerj^y iechnoio^^ies is covered. The alternatives 
span a spectrum ranj^inj? from immediate plant construction for 
producinj» synthetic supplies of liquids and gas, throuj^h an RSiD 
program modeled on the wartime Manhattan Project for develop- 
inj4 nuclear enerji^y, and on to a '^prudent'' research commitment 
in which R&D proceeds in orderly sequence, 

Harry Perry, who prepared the study, conducted interviews with 
numerous individuals and groups representing wide-ranging in- 
terests in energy R^feD. 1 he research arms of energy trade asso- 
ciations, research directors in the coal, oil, gas, and utility 
industries, private consultants, university professor j, and govern- 
men* personnel engaged in R&D activities were all asked the 
same sets of questions with respect to five research areas, selected 
for their critical importance in any expanded R&D program. 

The five R&D program areas selected for interview questions 
were: high-Btu gas from coal; liquid *uels from coal; liquid fuels 
from oil shale; low-sulfur fuels for generating electricity; and 
advanced power cycles for generating electricity. 

By the end of the program year a draft report had been delivered 
to the Committee and was being considered for publication as a 
Committee Print, 



KniT\iv <:unsuinf)tion in thv Sew York Mi?tn)polih3n Hi^tjion 

Rosoar<:h })ro\>roj;sod durin^^ \hv yoar an a study dosij^mnl to 
ovalualt* om^rj^y o^nsumpUon trends nnd iMi^^rj^y ronsi^rvation np- 
portunilii^s in ihr NVw York City niolropolitan rrj^ion, Th<^ study, 
\vhii:h is hoin^ < :ondui:trd jointly by RFF and \hi\ Ri\uional Plan 
Association of N-i*\v Yorl^, has hvvn financiMi ihrouj^h a ??pi*dal 
Srant from tht> Ford Foinulation. Tin? Vvy question posinl is how 
linols and ratos of j^rowth in thi? rrKion s rnrrRy consumption 
misht hi* uampiMird by purposeful i:on?iorvation mrnsurrs in 
diJTorent user sin:tors. 

Analysis of this issur requires an underlying ihiUi base describe 
inj^ the ri\t^jon's historic: pattern nf enerj?y utilixation and related 
eronomic and denio^raphin variables. During the yean two interim 
statistical reports presenting '-urh information, as well as selected 
preliminary projections, were completed. They are probably the 
first effort to <!t*pict the New York City area's aggregate fuel and 
power utili7ation, by consuming sector, energy form* and primary 
energy source. 

Thr first of the tw^o interim statistical reports — Pnlterns of 
Knerqy O^nsumplion in the Crenter New York City Arva {RFF 
Working ^aper EN-2, fuly 1973) - - presents data on energy and 
related as|,octs for the Greater New York City area, defined as the 
five boroughs of New York City, and the counties of Westchester. 
Suffolk, .nnd Nassau, A broader j^.^ographic piciurir is contniui d in 
the draft of a second interim report, which will comprise n forth- 
coming edition of the Regional Plan Association's periodic pub- 
lication. Hegionul Plan News. Scheduled to appenr as an RPA 
publication soon after the close of the 1972-73 program year, it 
features data and comments on the thirty-one county region 
constituting the Regional Plan Asscoialion study area. 

Among other findings, the statistical report on patterns of energy 
use in the Greater New York City area reveals that per capita 
energy consumption was 15 percent below the New York State per 
capita level and 43 percent below the U.S. average. A similar re- 
lationship holds for electric power alone. Relatively low per capita 
energy and electricity usage prevails in spite of the area's higher- 
than-average per capita income status: per dollar of 1970 money 
income, energy consumption in the area was less than one-half 
the national figure. Among the probable explanations for this pat- 
tern of energy usage are the absence of energy-intensive heavy 
industry and a relatively widespread network of public transport* 
with more efficient energy usage than private passenger cars. 

Obviously, New York's energy use — while low by national 
standards — does not preclude significant energy savings in the 
years ahead. Nor does the comparatively low per capita use make 
any less real the fuel and power supply problems being experi- 
enced by the region. Fri>m an environmental standpoint, it is 
worth noting that, in a dense urban agglomeration Hk6 the Greater 
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N%nv York City nnsK r\Tn a ri^lativi^ly low per cnpila ulilixation of 
rnrrj^y siijnifips n vastly «n itor doj^ron of <^n<*rjiy rnnsumption per 
7$q\3aro milo nf arra than for lljo i:n\nitry in jiemjral 

Th^' final roport Ui this si^rjps will ho an inh^rprotivi? study 
\vhi^:h ^^\aluatps the outlotik for «Mii^rsy nonsorvation in the con- 
t<?\! of thp n\\ui)n's un!4)hli!ij^ economic: ami lionioi^raphSc develop- 
miMi*. Tho ri^pori will he <:om:enMMl with the potiMitial qunntit.itivc 
sij^n finance of enerj^y-consi^rvinfi practices in such applications 
as , ,)are htMlini^ ami transportaljon^ as well as with measures 
designed to hrin>» sui;h developments about. 

The participants in the KKF portion of the study are Joel 
Darmsladter and Klizaheth Vo^ely. 

A henrricial side effect of the rapidly j^rowiuR concern with 
the problems of energy is the iTTipetUK provided for quantitative 
analysis, Thi* tpuintity of work in progress clearly su^.^ests the 
nred for a»:hie\ini^ communication an^on^^ n^embers of the newly 
ejn<Mj4int* t;tjmnninily of s<:ho]ars enj^aj^ed in this Held, To this end 
a seiuiJiar was held in Washinj^tt):^ rm january 25-211. 1973, at- 
tendinl hy an invited j^roup of eij^hty. 

The papers prt^sentml at the seminar were quickly puWished 
Kui^Tjiy Modrhni? {RFF Working Pap(^r was available for 

distribution in March, The volume includes a set of comments on 
the papers prepared by Milton Se^^rl, who planned the meetings 
and editi^d tho papers for publication. 

The sixteen papers in the volume fall within the following broad 
subjects: Use of Input-Output and Econometric Techniques for 
Energy System ModelinR^ Use of Linear ProRrammin« in Energy 
Models; Econometric Models of Individual Sectors; Current 
Government and Industry Models; Continental Energy Models; 
Historical Perspective on Demand Forecasts. The aathors are: 
William A, Reardon. Battelle Pacific Northwest Labor ories; 
Cloj^per Almon, University of Maryland; Philip K. Verleger, Ir., 
Data Resources. Inc.: Kenneth C. Hoffman, Brookhaven National 
Laboratory; D. E. Deonigi and L. EngeL Battelle Pacific North- 
west Laboratories; James M. Griffin, University of Houston; 
Edward W. Erickson, North Carolina Slate University; Robert M- 
Spann, Virginia Polytechnic Institute; Robert Ciliano. Dec!8ion 
Sciences Corporation; Duane Chapman and Timothy Mount, 
Cornell University; Timothy Tyrrell, Oak Ridge National Labora- 
tory; W. E. Mooz, The Rand Corporation; James A. West, U.S. 
Department of the Interior; Andrew Avramides, National Petro- 
leum Council Staff; James S. Cross. Sun Oil Company; Dilip R. 
Limaye and John R. Sharko, Decision Sciences Corporation: J. G- 
Debanne. University of Ottawa; Leonard Waverman, 1 liversitv 
of Toronto; and Hans H- Landsberg, Resources for the Future. 



Svumco neseorch in Energy 

At \hv. n?quest of the RANN program of the National Science 
Foundation, a study to identify social science research needs in 
the energy field was undertaken* The study follows up on two 
earlier RFF surveys dealing with energy research needs: U.S. 
fJner^y Policies: An /Agenda for Research (1968] and Energy 
Research Needs (1971). 

Bej^un in 1973, with Sam H, Schurr and Hans H, Landsherg as 
co-principal in\esti8ators» the study relies heavily on outside 
contributions and collaboration. Recognised scholars in major 
fields were invited to prepare papers identifying research needs 
as follows: data base — Kenneth C. Hoffman and H. G. Jones; 
modeliuR and forecasting — Alan S, Manne; the characteristics of 
the energy industries — Stephen t. McDonald (incentives), 
Almarin Phillips {rate leRuiation), Thomas D» Duchesneau (struc- 
ture); capital and financing — Clark A. Hawkins; conservation in 
use Joel Darmstadter and Eric Hirst; environmental trade-offs — 
Marc Roberts; research and development strategy — Burton H. 
Klein; U.S. energy in the world setting ^ — James W. McKie; policy 
formation, impkmenlation, and institutions — Edward J. Mitchell. 
Robert M. Lawrence, and Gerald Garvey, 

Two basic subcontracts were made, one with the Denver Re- 
search Institute, which made available John J. Schanz, Jr.. and 
other personnel for the purpose of organizing the preparation of 
papers and coordinating the workshops, and the Environmental Law 
Institute, which, through Grant Thompson, undertook to draw from 
environmentalists both original contributions and reactions to the 
commissioned papers. 

A report was scheduled for submission to the National Science 
Foundation in the fall of 1973, It will include the commissioned 
papers, a summary of an environmentalist's workshop^ and a 
summary report that will constitute the core of the study. This 
last was prepared by the RFF staff, augmented by John Schanz 
and his associates at the Denver Research Institute, with a panel 
of special consultants consisting of Almarin Phillips, Joseph Bell, 
Gerald Garvey, and Thomas Stoel. The entire study was financed 
by the National Science Foundation. 

Economics of Energy R&D 

In further response to the NSF request, and also funded by that 
Foendation, is a companion report commissioned late in the 
program year on Energy R&D — The Contribution of Economics. 
John Tillon, Department of Mineral Economics, Pennsylvania State 
University, has been asked to prepare a basic paper by the end 
of 1973 that will serve as the focus of an early 1974 symposium 
to be attended by R&D experts in economics, political science, 
technology, and other pertinent fields. The study will address 
itself to such questions as the search for criteria affording an 



oplsm^il ijHocation of r<?soiirrrs in rnnrny Ri^D: the role of the 
inarkt't. iiuJudins innrkot U\\hm\ in brinsinj; abnut resource al- 
h)i:ations in this area; \hv, r.aso for «ov<^rnni<mt intt^rvontian; and 
tht^ inciihrnco of RjSrD rests, Tho study will d<?al also with a 
rovirw of rnorj^y R&D policy as it is found in the United States 
today. A rrport inte^^ralinj? the results of the symposium with his 
paper will he prepared by Tilton, 

U.S. ami Cimadian Trmh) in Energy 

Work proceeded c the RFF-sponsored study of the prospects 
and problems of U.S.-Canadian ener^^y trade, ^^cing conducted 
jointly by scholars at the University of Denver and the University 
of British Columbia, A two and one-half day seminar was held in 
Vancouver in October U)72 for the purpose of discussing draft 
papers on the evolving energy situation in Canada and the 
United States, and the emer^^ing policy issues as perceived in the 
two countries. The seminar was attended by an invited group 
consisting of Canadian and U.S. government and industry officials 
and energy researchers. 

The seminar discussions produced major new insights on ques- 
tions that are critical to the growth of energy trade between the 
two countries. In particular, the strength of the opposition within 
Canada — for a variety of economic and political reasons — to 
greatly enlarged oil and gas exports to the United States became 
clear. Means for achieving a reconciliation of Canadian and U.S. 
interests were discussed at length. On the basis of the facts and 
policy positions that were brought forward in the seminar dis- 
cussions, the participants in the study, Paul G. Bradley of the 
University of British Columbia, John Schanz of the University of 
Denver, and Helmut Frank of the University of Arizona* are 
prepar' ig revised versions of the papers originally developed for 
the Vancouver meetings. 

Outer Continental Shelf DriUing 

One of the potentially rich geographic areas from which addi- 
tional oil and gas might he obtained is the outer continental shelf- 
While drilling and production have gone a considerable way along 
the Pacific Coast and in the Gulf of Mexico, both the Atlantic 
Coast and the Arctic shelf remain untouched so far. Prominent 
among unresolved issues in this contex* are the likely environ- 
mental consequences that exploratory and exploitative drilling 
might have in these two locations. 

Following a directive from the President to evaluate environ- 
mental impact in the light of known and feasible technology, the 
Council on Environmental Quality in the summer of 1973 com- 
missioned a series of studies and arranged public hearings designed 
to establish benchmark data and lay the basis for policy decisions 
regarding the future course of resource development in these areas* 



In inia SoptomWr 1*173. RFF asmnl to hv n^sponsihlr for as- 
si^mhlnim sovi^ral snuill groups of oxporls at n hvo-day mwtinj^ in 
effort t« idimMfy points of dSsiisroonnmt rrsardinj* \\\v state of 
thr arts and knowlodgo in various phasi^s of uffshon? drillinr 
>»rounds for controvi?rsy, tho moani? of rrsnlvinR th\ ni, and »ii-*>ir- 
able din^clions of rosran:h. A ^uml was mm\v by CEQ to RFK for 
the purpose, and a ri^port is si:hoduli?d to hv made to CEQ follow- 
ing th« mretinj?. Principal rostjarch work will bo in the hands of 
Harry Perry, 

Jnlif>rnotion«J Oil 

The World Pi^lrokum AJnrltel by M. A. Adelman was published 
early in 197:i The findinjjs and arj^uments developed in this study 
have been widely noted in the genera! news media as well as in 
the specialized energy press. The research leading to this book was 
supported by grants to the Massachusetts Institute of Technology, 
where Adelman is professor of economics. 

Saudi Arofaifln Income from Oil Exports 

There is increasing worldwide concern about the impact of 
rising petroleum imports on the balance of payments of the 
United States and other countries, and the effects of rapidly 
growing oil earninss in Middle Eastern exporting countries on thv 
international monetary and financial system. 

Because of its enormous oil potential — tav greater than that of 
any other exporting country — a major proportion of these imports 
will originate with Saudi Arabia. A study was begun during the 
year to prepare some prehminary estimates of the magnitude of 
export flows, oil earnings, budgetary impacts, and expenditure 
patterns in Saudi Arabia in the years ahead. The ,\;scarch is being 
performed by Donald A. Wells of the Department of Economics, 
University of Arizona. Wells had earlier served as economic 
consultaiH to the Ford Foundation in Saudi Arabia, and has pub- 
lished studies on the Saudi Arabian oil industry. 

U.S. Oil Import Policy 

In the United States, the declining trend in crude oil and natural 
gas reserves has brought into sharp focus the prospect of a far 
greater comparative reliance on imported supplies in the future. 
At the same time, the problems that would arise from heavy 
reliance on importation from the major exporting countries that 
are members of the Organisation of Petroleum Exporting Countries 
are seen as being greater than in the past, owing to the hard 
negotiating position that these countries have recently adopted. 
Not only have the economic terms on which imports are obtarn- 
able grown more severe, but bargaining for economic objectives 
has involved use of the threat of an embargo on oil shipments as 



a ioninu^rraal \vi?apon, in ;uliliiion lo its lons-sfaiuHnji as a 
poliluMJ winjpon. Thvst? th?vi?lupm<m1s havo )(\\'vu fmi to ni?\v 
t:oncorns in n^yard to security of importod suppU<\s. 

In virw of tho numiTou?? <M:onomic, political and in1<^rnational 
complrxitii^s whitch hoar upon this subject, RFF has rovivod this 
prujn 1, \vhii:h had hi iH\ ?itarl<u! a number of yrars aj^o. but t^rmi- 
m\\vii in 1*)70 with the deaths of the principid investigators, 
Wallaci* F. Lovi^joy and Paul T. Homan of Si uthrrn Muth./^^st Uni- 
versity. A n<?\v RFF j^rant to The University >f Southern Illinois at 
Carbondali^ will be used by Milton Russell and Douglas Bohi to 
carry forward the work begun earlier. 

Nf)M ri L MlM.KAl. STmiKS 

World Copper Mining Industry 

Work on a study of the world copper mining industry is being 
conlinued by Raymond F, Mikesell, financed through a 1971 grant 
to the University of Oregon. 

!n 1972, free world copper mining capacity consisted of 2.9 
million metric tons in the developing countries and another 1*1 
million in Canada, Australia, and South Africa. The United States, 
Europe, and Japan accounted for another 2.9 million metric tons, 
but these areas were also the major importers. The vast bulk of 
world copper exports arc accounted for by a handful of less 
developed countries (LDfJs) and most of the increased capacity 
that is expected over the next decade will be located in the LDCs. 
The free world demand is projected to rise at an annual rate of 
about 4.3 percent over the next twenly-five years* To finance the 
projected increase in free world copper mining capacity over the 
period 1972-77 wdl require an investment of $1 to $1.5 billion a 
year, most of it in the developing countries. 

Nearly all of the copper mining capacity outside of the United 
States, Europe, and Japan was established by foreign investment 
from the United States and Europe, and more recently from 
Japan. However, :here has been a rapid change in the pattern of 
ownership and control over the past decade. In 1960, producer 
country governments held an interest in only 2,5 percent of free 
world copper producing capacity* but by 1971 these governments 
had an equity interest in production facilities representing 43 per- 
cent ot free world capacity. Moreover, the trend toward nationali- 
zation in copper mining is likely to continue. Even in countries 
like Canada and Australia, there is strong movement to limit 
future foreign investment in the mining hidustry. A major objec- 
tive of the study, therefore, is to assess the impact of these 
changes in ownership and control on the future supply of copper. 

In spite of the nationalization movement, both at the present 
time and for a number of years to come, the h^rgc international 
<I3 copper coTipanies will play a major, if not a determining role, in 
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Regional and Urban Studies 



Durinj^ \hv \vi\T, RFF's program in motropolitan ^ov^^rnance was 
H'cast to tap tho n?s<\U(:h findinj^s of younj^ s<:hol*irs working 
in tho Rold; a hook titlrd CiJn?^, Puhlh* PoJi<:y (edited 

by (it^nlon Camt^ron and Ltnvdon Winj^o for OMv<^r a id- Boyd. 
Kilinhurqh] n\sullod from tho joint ll.S.'-British Clasi^ow Gon- 
Uh :k;o on nrl)an Dovolopmont Slrati^j^y; work on infcnnation 
rosourcrs by Kdj^ar Dunn culnunatOfl in a volumo a^-^^^pted for 
pul)]it:auon hy WHoy ]nt»TSt:irju;o; a j^ran! from tho National 
Si:ioni:o Foundation was rronvrd for work on siruclun,'. chan$?es 
in iJm? n\qional and urban oronomy f ro n 1940 to 1070; and work 
contimird on thi^ issues <:oncornod with tho quahty of life in rela- 
tion to urban scalp. Lowdon Winj^o, who has headed the regional 
and urban studies program for the last five years* resigned to be- 
come chairman of the City Planning Department, University of 
Pennsylvania. He was succeeded by Edwin T. Hacfele, 

METROPOLITAN GOVKRNANCK 

Further work on metropolitan governance is being undertaken in 
cooperation with the / cademy for Contemporary Problems, The 
Academy is interested in the practical problems faced by local 
government officials in metropolitan areas and, with the help 
of RFF's reconstituted Metropolitan Governance Research Com- 
mittee, will bring the results of research findings to the attention 
of these officials. At the same time, the concerns of the officials 
can be effectively transmitted to researchers, helping the latter to 
cho'ise relevant problems for study. Serving on the RFF Committee 
are: 

William Alonso, Professor, Institute of Urban and Regional De- 
velopment, University of California (Berkeley) 

Sterling Brubaker, Senior Research Associate, Resources for the 
Future 

Daniel Wm. Fess'er. Professor, School of Law, University of 
!?r> California (Davis] 
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josi^ph L, Fishier, President, Resources for the Future 
Bernard ]. Frieden, Director, M!T-^Harvard Joint Center for Urban 
Studies 

Edwin Haefele, Director, Regional and Urban StudieSi Re- 
sources for the Future 

CapL Erick Hanushek. Department of Economics. U.S, Air Force 
Academy 

John E, ]ackson. Professor, Department of Government. Harvard 
University {Executive Secretary of the Committee) 

Ted Kolderie, Executive Director, Citizens League of K^^nueapolis- 
St. Paul 

Martin McGuire, Professor, Department of Economics. University 
of Maryland 

Mancur Olson, Professor. Department of Economics. University 
of Maryland 

Wnllace Gates, Professor, Department of Economics. Princeton 
University 

George Peterson, Senior Research Staff. The Urban Institute 
John Ries, Professor, Institute for Governmental Relations. Uni- 
versity of California (Los Angeles) 
Ralph Widner, Director, Academy for Contemporary Problems 
Lowdon Wingo. Jr., Chairman. Department of City and Regional 
Planning, University of Pennsylvania 

Two conferences are being planned for the new committee The 
first, held in October 1973, focused on hov: local changes in popu- 
lation and economic activity affect the demands for locally pro- 
vided public services, and the reciprocal effect of the public 
services provided on migration patterns. The second, to be held 
in the spring of 1974. will be concerned with sources oi revenue 
foi loccl governments and the relationship of these sources to 
public output. 

The fourth volume in the series of studies on the Governance of 
Metropolitan Regions, entitled Eeform as Reorganization, was in 
press at the end of the year. 

INFORMATION RESOURCES 

During tlie year, Edgar Dunn completed a study devoted to specify- 
ing the nature of our generic problems with social information 
processing and how these relate to various proposals for statistical 
reform currently being voiced. 

Dunn has been identified for some time with these issues — 
as an official of the Department of Commerce, as a consultant to 
the OHice of Management and Budget, as a member of the advisory 
board of the National Academy of Science's study of computer 
data banks, and as the author of a number of papers. In his view, 
the major statistical reform proposals of the 1960s — social indi- 
96 catorc social accounting, microdata. data banking, program evalua- 
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tion, statistical professionalism — have ignored fundamental issuer 
of concept and system desigi^* These proposals emerged from con- 
cepts that fail to show how each may bo related in a systematic 
way to the others. More important, the proposed reforms are in- 
capable of handlinR the overarching problems of information 
processing that generate the diflicuhies. 

To provide a belter conceptual base for dealing with these issues, 
Dunn sketches a theory of social information processing, which 
he uses both to evaluate the reform proposals and to idejitify 
rcquiremi nts for the development of information resources for the 
future, also examines the controversial issue of personal 
privacy ir the broad context of the relationships between human 
freedom and the use of information in society. 

Dunn's book. Social Information Processing and Stotisticol Sys- 
tems — Chang:? and Reform, is in process of publication by Wiley 
Interscience, 

STKlHn^'RAL 1:HA\(;H in TilK RKCIONAL AND URBAN KCONOMY 

In June, RFF received a grant of $104,500 from the National 
Science Foundation, making it possible to complete a comprehen- 
sive statistical analysis of the changing structure of the regional 
and urban subeconomies of the United States between 1940 and 
3970, This project was begun by Edgar Dunn in the mid-sixties, 
but was held in abeyance until a special tabulation based upon the 
1970 Census could be obtained. 

Analysis of the data will be guided by a number of questions: 
Does the structure and history of a region, when compared with 
that of other regions* or with the same region differently depicted, 
suggest something about its developmental options? Can we 
extract examples of natural growth poles from this historical 
experience and identify similarities and differences between them? 
How do the historical patterns illuminate our current policy in- 
terests in population growth and distribution? How are changes 
in structure related to the size of nodal urban regions and their 
internal settlement patterns? What are the observable regional 
differences in the dynamic patterns or sequences of growth? Do 
they suggest the forces that generate them? Can we identify some 
of the differences between national and regional sources of 
growth? 

A New Research Approach 

The basic strategy differs in several re8pe::ts from conventional 
regional and urban research. It will emphasize the use of a set of 
techniques to represent patterns formed by changes in the func- 
tion* 1 structure of a variety of regional an*^ urban entities. More 
comr lonly the work in this field has dealt with forming economic- 
97 demographic projections, testing fairly simple relational hypo- 



thi^si^s. or paramctt^mins ?iimple planning modrls. Even where 
pati'^n ropresontations havt^ hrrn atirmplod, \hey were typically 
rostritJod to cross soctions of functional structuri^s i^t a point in 
timi\ This project focusrs upon the structure and chan^o of whole 
srtjs of rri^ional and urban compk^xi^s within the larger environ- 
mental comph^x wr know as the United States. In contrast to the 
for.nal tesUnt^ of simple relational hypotheses, it seeks to examine 
whether systematic developmental hypotheses are Reaerally con- 
sistent with the historical record 

Soorcos umi Mi^lhods 

A variety of data sources will be employed, hut the study will 
lean most hi^avily upon income and employmimt data by industry 
for all of the counties and Business Economic Areas in the Unitrd 
Stairs. Stronj^ ri?liance will ho placed on applications of a revised 
version of the familiar shift-sharo technique developed by Duan 
in the mid-fifties in connection with an earlier RFF study. 

A major analytical and descriptive volume is planned to present 
the principal results of the study, 

A Ne:v Sen in? t Jnlify 

The requirements for coUectin.q and analyzinj^ tlata for this 
slxidy ini:lude: the develojiment of a <lata base of historically con- 
sistent descriptors: a unique set of computer software for carryinj? 
out a somewhat novel research stratej^y: and an economical and 
flexible computer routine for produrins data maps for the United 
States JdepictiuR bo^h county and economic area data]. Because 
these reseaich resources will have wider application for future 
work in related areas, amnj^ements have been made with the 
Laboratory for Computer Graphics at Harvard University and with 
the Bureau of Economic Analysis of the Department of Commerce 
to develop and maintain them in serviceable use after the comple- 
tion of this project. 

QUALITY OF LllT AND URHAN SCALK 

Irvinj? Hoch continued his investigations into the quality of 
life and urban scale, the latter defined as embracing? urban popu- 
lation size and density. Additional evidence was developed on 
the basic thesis that there is a net decline in the quality of life 
with increasing scale, but that this tends to be compensated for 
by increasinj^ money wages for the same work. This is not to say 
that what exists is the best of all possible worlds; there is much 
scope for institutional improvement. Among the improvements 
su^^gested are better pricing and, particularly, the imposition of 
effluent charges for the use of common property resources in the 
98 urban environment. 
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BEST COM RVMIABIE 



Diirin^ Iho proKtam yoar, UrnXx dovrlopoil information on density 
ri^ljMiiinships, on <:nst of living rohitt^d to scale, and on nonmarket 
*:os1s and l)iniofits primarily in the imm of urban crime, A 
jitronj^ relation holdn ht^lween lh<n scale factors, density increasing 
with urban siv:i\ Within urban rras df^nsity dwJines from a peak 
at Iho i:ity !:<Mit<^r: ov<^r timr* this relation hns flattened out, re- 
n<M;tinj^ sul^urhan sprawl and increased automobile ownership. 
Recent Onsus data show that this trend in the spread of cities 
has continued over the last decade, but there is some evidence that 
it is npproachinj^ a limit. In western cities, particularly, there are 
imlici^tions that automobile ownership is approaching saturation, 
and that urban density is heginu'ng to increase. Further, there 
is evidence thiU air and Uijise pollution hclprd to increase urban 
spread, and, hence, ihnt environmental cleanup may also lead 
to some reversal of the dispersion. 

Some observers, unhnppy with the negative consequences of 
large cities, hnve railed fnr a penalty tax on inhabitants that in- 
creases with nrban size, fiut if it is true, as indicated above, that 
money wages increase wilh urban size, then the progressive income 
tax fulfills this objective now, Comnaring budgets for an urban 
area of 100,000 persons with one of lO million, the cost of living, 
on average, is about 10 percent higher in the latter than 
former, with about 1 percenf nf the 10 percent difference accounied 
for by the progressive income tnx. Of course, this tax differential 
varies by income class; it amounts to about one-half of 1 percent 
for low^'income, 1 percent for middle-income, and 2 percent for 
upper-income families. 

Although crime rates increase with urban size, the relationship 
has typically been overstated, since much of the increase reflects 
changes that occur in the demographic and ethnic composition of 
the populace as urban size increases, rather than the change in 
size, per se. Using multiple regression analyijis, each of seven 
maior crimes was related to a large number of explanatory meas- 
ures, incUuling urban scale measures. The analysis disclosed that: 
increased unemployment was associated with increased property 
crimes: Vigher summer temperatures increased crimes of violence; 
an incii *jsn in the proportions of both the young and the old 
reduced crime rates. An increase in crowded housing, and in the 
percentage of m_ale primary individuals (persons living alone or 
with non-'elatives], increased crime rates. Rates also tended to be 
higher in the South and, to a lesser degree, in the West. Ethnic 
factors were often important, with evidence that Japanese and 
children of the foreign born had lower crime rates than average, 
while American Indians, blacks, all other nonwhites. and the 
foreign born had rates above average. The American Indian rates 
appeared to be the highest of any group, and northern black rates 
appeared considerably higher than those of southern blacks. 
Growth in urban population was usually associated with increased 
crime, and there was some remaining positive effect for popula- 
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1970 CftlME it ATFS BY URBAN POPULATION CLASS, 
ACTUAL AND AS A FUNCTION OF URBAN SCALE 
({lercentase of sample average) 
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U)TS ihat mijqhl m/]ij«?nce crime nre bcUi consUini, the effect of urban 
stale Ifjs nH?fjM}r<^«l by populatwn siza) <:nii be obHerv^yd. The 

figures arc based «ti iivc^ni^*; icrinjo rates in n ^uwpie of 137 ijrJ)an 
ureas. The labulatian rvi^ulin jivm an an-}\oiji^ HFF simly of the qunlny 
of hfe ui}d urhau scale. 



Won size, even after all olher variables wero taken into account. 
But, somewhat surprisingly, increased population density was 
associated with a decrease in crime, and this largely offset the 
effect of increases in size. 

For the sample of 137 urban areas that was employed, we can 
compare actual crime rates, shown as percentages of the average 
level, to calculated crime rates assuming that ail factors, except 
urban scale factors, are the same between places. In doing so, we 
ask: If percentages of old, young, ethnic groups, and so on, were 
the same between places, but only size and density varied, what 
levels of crime would be observed v" size of place increased? The 
results indicate a very substantial reduction in crime rates when 
the other factors have been taken into account. (In the case 
of robbery, the results shown for ''scale effects," only abstract from 
an interaction that occurs between the black population and urban 
size, which probably reflects the problem of narcotics addiction; 
with this interaction included, a narrowing of crime differentials 
100 still occurs, but is not as pronounced.) 



A di^lailtul disuussion t)f tln^ crime study appin^rs in a papier 
schoduhuj lor }nibUca1ion in t!u> |ournnl i)f Vrlum EvAmamics. 

mmSiudy 

Toward tho close of the program year, the Depariment of Hous- 
ing and Urban Di;v<»lopni<inl requested that RFF review what was 
known about the major relationships between natural resources and 
environmental quality* on the one hand« and regional and urban 
development patterns* on the other. Because many aspects of the 
problem were related to Horh^s ongolnig research efforts, he 
assumed primary responsibility for the report, 

A (:in;n:R \L analysis of amhuican !h:lh:fs about hkal propfkty 

Beliefs about real property are defined as those ideas people 
have about such topics as: the ^sources of property decline, what 
land uses are antagonistic and complementary, how renters and 
owners differ, what risk consists of and who bears it, what com- 
prises appreciation and depreciation oi values, and how one piece 
of property affects another* Constance Perin has begun a study 
of the belief systems of the main factors in the land development 
process in metropolitan areas. As a cultural analysis the study is 
intended to consider the meanings and significance of the questions 
listed above for those occupationally involved in them. It is not a 
psychological study of motives, nor an analysis in the mode of 
"'interest group'' theory* The study views the chaos and the prob- 
lems of land use in metropolitan areas as a political and social 
process in which these cultural premises play an important role. 
Ultimately the research should be useful in constructing policies 
for ameliorating the disutilities and conflicts that now character- 
ize much metropolitan deveiopn;cnt. Interviews are being held with 
mortgage bankers, assessors, a»jpraisers, HUD officials, realtors, 
developers, and legislators in two large metropolitan areas in 
different regions of the country. 

The research has these major practical and theoretical objec- 
tives: to create a data archive of contemporary American beliefs 
about real property (also to be made available to other analysts in< 
for example, history, law, and political science]; to define the cul- 
tural meanings of land and property resources and the unstated as- 
sumptions or ''social rules'* used in allocating them among groups: 
and to weigh the relative strength of national, regional, and local 
ideals, beliefs, and norms in the operation of the private property 
system. 
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CONCRHSSIONAL SEMINAR 



NIAV CKANT 
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With spi'cial support from thi> Kord Finindatinn, RFF and the 
National Planning; Association conducted a st^minar on national 
urban growth policy for sclccti^d members of Congress and their 
staffs. The seminar was suggested by Senator John Sparkman, 
Chairman of the Subcommittee on Housing and Urban Affairs. 
Kight sessions were held, each led by an outstanding scholar: 

Ralph Widner National Urban CJrowth Policy: Elements 

and Interrelations 

C. E, Bishop Rural Development 

Bennett Harrison Th* tropoliton Problem 

William Alonso The Na' Settlement Pattern 

Julius Klargolis Public Finance 

Peter Morrison Internal Mij^ration 

Harvey Carn The Location of Employment 

Den Chiniiz National Urban Growth Processes: 

Implications for Policy 

The sessions were dr^si^ned to bring It^gislators and their stalfs 
together with key menibers of the social science community to 
exchange viewpoints and knowledge on critical issues of national 
growth policy. The purpose was to increase the flow of mformation 
about the stjcial and economic implications of emerging national 
growth strategies. 



At the close of the year, a grant af $300,000 from the Edna 
McConnell Clark Foundation was made to RFF to study problems 
of social choice and institutional design^ Edwin T, Haefele will 
direct the program. 
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Appraisals and Special Projects 



Srvoral pri)jocls conducted or sponsored by Rrsourci?55 for iht* 
Future ore athninistennl sepan)toly from the mt^jor fiatoj^orios of 
research tlealt with elsewhere in this report. Some are an out- 
grow th oi HFF's 19()3 appraisal of resource tulequa^ry in !ho United 
States, and tleal with situations where suffieaency of n^source 
supply may be in question or wh<?re tcchnoloj^y has opened up new 
possibilities in ihe use of a resource. Some other projects relate 
to marine rrsource issues, to RFFs new policy studies, and to the 
€:ontinuinj» stuities of population-environment relationships. A 
few are extensions of KFF*s educational function - - an inleRral 
part of each of its ri?scarch programs. 

RKSOUWIF APPRAISALS 

As part of RFF's contribution to the work of the Commission on 
Population GrowMh and the American Future, a revision and 
updating of the material published in 19B3 as Resources in Ameth 
cu*s Fuhire was undertaken in 1972. Some of the results of the 
initial effort were published in Volume 111 of the Commission 
Research Papers under the title "Adequacy of Nonfuel Minerals 
and Forest Resources." Written by Leonard L. Fischman jnd Hans 
Landsbcrg« the study rested on demand projections geared to 
1970 consumption data and, in the style of the original study, was 
projected on the basis of reasonably visible developments — social, 
technological, and others. 

Because of the limited time allowed by the Commission sched- 
ule, no orijjinal work was undertaken in the areas of reserves 
and resources and non-lJ,S. demand: instead, recourse was had to 
data then available from the Bureau of Mines. 

An article contributed by Hans Landbberg to RFF's Energy 
Modeling (see Energy and Minerals section) was also derived 
from the preliminary revision. In this analysis, 1970 projections 
103 made ten years earlier are compared with the act'-^al performance 



ERIC 



lor wjrious ioiins ol<»noruy is i nm onmi. 

In Au\:usl 1*173 Lrun.ud I., 1 isi:hnian rojoiniMl thv R\ V slalT un 
0 part limi^ hasis lo paititapalo m the rrsounu* appraisals pr«j<*f:t 
Thv nnnui nf rovisitms now under way wiU 1i?s1 iho uunlH dr- 
vt^lopinl provitmsly or »ii:«nsisli*n€H\s and weak spots, and will 
vaUdat«' rrasonin)^ undi^rJyiiis ihv now projiHilion?:. 

Takinji a vory hm^ \ iv\c r«*souri:*» adiMpia<:y, Frrdorirk |, WoUs 
prrr*u:li*d his study of phosphati? availability, which has hvvn 
nniinved by i^xpi^rts on both tho supply and lh<^ demand side. 
Ih f:ause of the irreplaceabilily of phosphates as a plant nutrient, 
and the risinj* need for food under population and income trends 
that will not soon level out for the world as a whole, the outlook 
for phosphates has obvious importance. 

In his study. Wells diseussi^s not only the resourc:e aspect, taking 
into account ph*)sphate sources not now exph)ited, and the 
speculative cost associated with these sources, but also the deri- 
vation of demand projections, based on nutrient-yield relation- 
ships. He concludes that phosjihate inadequacy is not n problem 
that nred concern us for a ion time to come. At the same time, 
he clearly sets out the risinj^ costs that will he encount<»red as 
poorer sourtrs comr into play. 

Stemmin}^ from the same conviction that a study of the outer 
boundaries of resource availability is an instructive way of ]ookin5^ 
at adequacy, a research project was developed that attempts to 
deal with the ways in which a hypothesized **resourcc-poor * 
future society would deal with scircity or total absence of specified 
substances. By way of a pilot project, a research contract was 
made with S. Victor Radcliile, head of the Division of Metallurgy 
and Materials Science at Case Western Reserve University, to 
identify in detail the functions of all materials contained in an 
automobile, and to assess the consequences in terms of costs, 
performance, etc., that substitutions of materials stipulated as 
scarce (copper, nickel, zinc, lead, etc.) by materials stipulated as 
widely abundant {aluminum, masnesium, iron, silicon, etc.) would 
entail. 

The study, which was well launched by the end of the proj»ram 
year, should reveal the extent to which evaluation of responses 
to materials scarcity is a useful alternative approach to more 
conventional investigations in which selection of a given time 
horizon plays a crucial role. 

SPKCIAL PKOlI'XrrS 

InicrnQiionQl Studies of Fisheries Arrangements 

The problems of the management and allocation of the sea's 
104 wealth in fisheries are among the most difficult tha^ will face the 
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7iuxi\ Tniti tl Nations Cunfrrrna? on Xhv of tlH> Sra. In 

r*u:uKinUon of Ihin, KIT, with \hv hrlp of a supplrimmliil «nnu 
IrniTi tht^ Fiird Ktmndation, initiahn! last yisir a prosram of mtiw- 
national simhvs of fishrrii?H arranscmen The pruj;ram has two 
parts: Tho first is tho pn^paration of a si^ries of worl<inR papi?rH 
on altornativi* arrans^mi^nts for particular fishi^ry ri?Ri«ns and 
situations, Tht^ soi:ond involves th<* prrJitrntation and distrihution 
of thi> workinj^ paprrs to ihoso prrsonn throughout tho world who 
will havo an infltJiMUto tm t!n^ decisions a! th« UN <:onfen>nt:o. 

Durini* the yean two of tho \vf)rkins papers were printed: 
All<?nuinve Arronuemeiils for Munne Fisheries: -An Overview, by 
l>ani:is 1\ <:hristy, |r., director of the proj^rnm. and Norlh Pueifie 
fisheries Monnj»i*menl, hy Hiroshi Kasahara and William T Burke^ 
Kasahara. tairrently pn)«ram coordinator oi the UN Food and 
Aj^Heullure Organization's Fisheries Department, was a professor 
oJ fisheries at the Gollese of Fisheries, University of Washington, 
when the study was beinR prepared. Burke is a law professor at 
the University of Washinston. His research was done under an 
earlier j^rant to that university, 

^^Alternatives for the Managnment of West African Marine 
Fisheries/* by James A. Crulchricld and Rowena Lawson. is the 
ihiid workinfi pap<?r in the series and is currently being edited. 
Crutdifiehl, loauthur of an earlier RFF book, The Pucific Solnion 
Kisheries, \s a professor of economics at the University of Wash- 
ington, l,aw?=on is currently senior lecturei in the Department of 
Economics at the University of Hull, England. Her work was 
supported by a j?rant made last year to York University, The 
fourth study, 'Allernalive Organizational Arrangements for Global 
Management of Fisheries,** is in final review stage. It was written 
by Edward Miles of the Graduate School of International Studies, 
University of Denver. Also in review are 'Tisheries of the Indian 
Ocean: Issues of International Management and the Law of the 
Sea, ' by Arlon Tussing, professor of economics al the University 
of Alaska, and Robin Ann Hieberl: and "Alternative Management 
Arrangemnnls for World Tuna Fisheries," by Saul Saila and Virgil 
Norton of the University of Rhode Island. During the year, RFF 
made grants of $16,000 to the University of Alaska for support 
of the former study, and $9.8B3 to the Unive'-sity of Rhode Island 
for the latter. One or two studies, including a final review, remain 
to be written. In addition, the progam provided a stipend of 
$1,000 to Terese Sulikowski for the translation into English of a 
Soviet book, Oceans, Technology and Law, edited by M. I. Lazarev 
and L. V. Speranskaya. The book, published in Russian in 1972, 
contains many important articles on the law of the sea by such 
experts as P. Barabolya, S. N. Smirnov. A. L. Kolodkin. and 
A- A. Volkov, 

As a whole, the working papers for the program comprise a 
fairly comprehensive discussion of the wide variety of fishery 
problems throughout the world. The problems are quite disparate 



dilf< rrnt w^ivs hy !h<* dodsJons that may 1m* madi* a! ihv VN 
ilimivrvrn v. In Uu> North Pai:iru:, l«r i^\anipli\ Ihoro aro only a 
hamliul of nations dirrntly com:rrni>tt must of which ari> <hv 
\i lupinj nations. In this roKinn, Ihon* has hrrn a lonj* history of 
aj^rrrmonls and t:onvrnijons t>rt\\wn Ihi^ inton^stod statics. On the 
othor hand, thr hshrrit >s off ihv Wvsi Afrit:an t:oast an* of interest 
not only to nnmrrous i:oaK<al stati\s hut also to ahont a dozt>n 
distant-wall r t:ounirM and ih<!ri> has hvon \\i\\v history of inter- 
national a^^roi^mont. 

In tho Indian ()coan» opportunities for t^xpansion of Rshf?rif*s 
appi\ir to hi* jjrrat«»r than i lsinvhon^ in the world, vvhih\ at tho 
samr timo, iln^ potential for inti^rnational c:onnii:ts apprars to ho 
loss hri:auso of the proxinnty of most resourw^s to land. Tuna is 
a j5ptM:ial prohlom, and should bn considoreil a j^lohal resourno, 
hoth hei:ausi> of the widely miRratory patterns t)f the species and 
he<:ause of the worldwide niohility ol mus\ of the tuna vessels. 

In ilhistraiinj^ the disparity in fishery situationu and in providing; 
dismission of the implir.ations of alternative measures, the RFF 
working papers are desij^ned to help the delcjf^ates at the UN 
<!onfereni:r iirrive at aec.eptahle and ih^sirable decisions on inter* 
national rei^inves. 3n attempting to adnevc this design, the materials 
produerd ijy the program have heen presented al various inter- 
national fortims. where parucipants include those who will have 
some influeof:!* on the deeistms of the Law of the Sea Conference. 
Brief, preliminary presentations were made by Christy at a meeting 
of the Asian-African Lej^al Consultativi; Committee in Delhi and 
at the fourth annual Pnvem in JVfaribus Conference in Malta. The 
most important presentation was made during the summer mcct- 
Sn^^s of the UN S< a-Bed Committee in Ceneva, There, in coopera- 
tion with the Law of the Sea Institute and with the aid of the 
World l'e<leration of United Nations Associations, RFF held a 
series of luncheon and dinner seminars for the UN dele^^atcs. At 
these seminars, the authors of the various working papers dis- 
cussed thiMr findinj^s before small n^roups of selected delegates. 
RepresentaHves of more than forty countries participated in 
these discussions, and copies of all six papers^ either in final 
or preliminary form, were distributed to all delegations. 

Polky Studies 

The RFF pohcy studies program initiated last year resulted in 
one bookdenglh publication: another study is in manuscript form, 
and two more arc under way. Additional work bearing on policy 
issues is carried out in other RFF programs. 

A review of legal issues raised by the National Environmental 
Policy Act. by Frederick Anderson with the assistance of Robert 
Daniels, was published under the title NEPA in the Courts — A 
Legal Analysis of the NQiional Environmental PoUcy Act NEPA 



is thn brotukst kgislalive statemt^nt of the lation's recent com- 
milmoni to protcjct !ho quality of its onvironmtmt. Tht^ req\3irement 
for dotaiiod impact statomt^nts on all federal actions that signifi- 
cantly affect the quality of the environment has had a profound 
effect on the decision-makins proce^iS of federal agencies. How- 
ever, this result has come about not merely through the norma! 
bureaucratic implementation of the lav^; equally important has 
been the spur of citizen groups who have turned to the courts to 
give substance to the act- The result has been a rapidly growing 
body of case law that has defined the meaning of the act in a 
way that could hardly have been foreseen by its authors. 

The Anderson study has grouped the case materials around a 
number of issues raised in the course of |udicial interpretation — 
such matters as standing to sue, which agencies are covered and 
which of their actions require a statement, the transitional prob- 
lems of applying the law to activities already under way, and 
what constitutes an adequate statement and proper procedures. 
For each topic the trend in the law has been traced. In some 
cases the book goes beyond this to comment on the decisions and 
to suggest future directions. Anderson concludes that, while NEPA 
has not >et had much effect in bringing about a better environment, 
the procedures for proper agency review of environmental impact 
are in place. He believes that subsequent court interpretations may 
expand NEPA so as to permit a more rational approach to 
broader policy issues at an earlier stage of their development. 

An overview of resource and environmental policy issues under- 
taken by Sterling Brubaker was in manuscript form the end of 
the program year. Too often the various rciiource and environ- 
mental problems are considered in isolation, with those concerned 
about environment taking little thought for the resource implica- 
tions of their proposals and vice versa. Meanwhile we may work 
at cross-purposes even within some of the larger policy areas; for 
example, when pollution controls applied to one receiving medium 
force environmental consequences on another that already is 
in trouble. The basic approach followed in this review has been 
to identify objectives broadly supported by the public and to try 
to discern how a longer-range sense of direction, and planning of 
broader scope, can help to reduce conflict among objectives — 
particularly the nflict often seen between the objectives of in- 
come growth ana environmental quality. Possible strategies for 
land use, energy, minerals, pollution abatement, and the inter- 
national aspects of resource and environmental pohcies all have 
been treated within this framework. While the long-range view Is 
preserved, an attempt is made to show ho^v many current policy 
issues must fit into it. The study draws freely on the fund of RFF 
research work done in recent years in all of the areas of our 
interest. 

More detailed policy analysis is represented in two other studies 
under way. One is an examination of recent innovations in land 



usi^ plannins. This is bi!inR undi^rtnkon by Rohort Hoaly. formerly 
«)1 thi* Tihan Instituir, who joimnl RFF during the projiniin yi^ar. 
For dorados, land uso t:ontrols in tho United Sli!«^s h;n'i; men 
exercised at the local level, or not at nil Now, under thi> pressure 
of population growth, urban expansion, and environmental con- 
cern, we are movint? toward broader jurisdiction over land use 
matters. Pending federal lej^islation is beinjj preceded in some in- 
stances by state action. Healy is examining experienc - .vith state 
laml use planninj? now under way in Vermont, and imder the 
California coastal xone initiative. He is taking briefer looks at 
industrial siting controls in Maine and Delaware, state zoning in 
JIawaii. and control of private lands in Adirondack Park. From 
these case studies he hopes to get a better understanding of the 
problems to which land use planning is directed, how effective it 
has been, what interest groups have been aroused, and what 
unanticipated side effects weio encountered. This will permit a 
more general discussion of the criteria for land use planning that 
will be required if prospective federal legislation is enacted. Next 
year we expect to broa<len the initial effort to include attention 
to the relation between federal pollution abatement laws and land 
use controls. 

A second study under way is a review of issues in forest 
policy being undertaken by Marion Clawson. The nation s for.jsts 
have been subjected to increasing pressures. Demand for wood 
products, both domestic and foreign, has boomed even while 
environmentvilist and recreational groups have r^^sisted cutting 
or have prrposed restrictions on management practices. Both of 
these? contending forces represent legitimate social interests, but 
it is not certain that the clash between them need be as severe as 
it sometimes appears to be. Clawson, who has recently served on 
a Presidential Commii^sion to examine forest policy, will be draw- 
ing upon and revising the work done for that group. 

PopuJotion Studies 

Much of the work this past year has involved follow-up activi- 
ties to the report on ''Resource and F.nvironmental Consequences 
of Population Growth in the United States,** Many of the pollution 
coefficients utilized in that project have been revised and updated, 
and the energy sector of the model elaborated. In addition, plans 
were laid for an intensive elaboration and extension of that 
effort, one which will consider add'tional environmental and oiher 
consequences of changes in populauon size and distribution. This 
work should be in fuH swing by the first of the year. 

Plans to extend this project to other countries have also pro- 
gressed. The director of the studies. Ronald Ridker, spent a week 
with the Operations Research Group in Baroda« India, helpi ig it 
start its project. Discussions were also held on starting a similar 
project in Indonesia. By the end of the coming year we hope to add 
studies of two other countries. 
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Plan?^ have also boon miuh) lo drvrlop a coHralion of essays on 
MH:iuin;ononuc: dt?!erminants of It^rtilily that mij^ht be anumablc 
to policy ianunn<:e, l^hose essays will focus on the development 
of practical policy packages whicii can be tested oat in field 
rxperimcnts. and on the analytical and statistical problems in- 
volved in doing so. 

The No-Grovvlh Society 

The ^..ant made in November 1971 to the American Academy 
of Arts and Sciences for the purpose of preparing an issue of 
Doedohjs dealing with the characteristics, problems, and dcsir- 
ability of a "no-j^rowth" society bore full fruit in mid-September 
with the publication of the Fall 1973 issue of the journal The 
collection of essays, begun in early 1972, was greatly strengthened 
during the year by the commissioning of additional papers in the 
fields of both population and economics. This occurred largely 
as the result of a conference held under joint Academy-RFF 
sponsorship in October 1972, attended by the majority of the 
authors, a number of specially invited discussants, and partici- 
pants from the two organizations sponsoring the undertaking. The 
issue contains the following essays: 

"Introduction," by Mancur Olson 

• Zero Population Growth: The Goal and the Means," by Kingsley 

Davis 

"Population and the American Predicament: The Case Against 

Complacency," by John P, Holdren 
•Two Cheers for ZPG,'* by Norman B, Ryder 

* llls. Bads, and Disamenities: The Wages of Growth " by E. J. 

Mishan 

"The Shadow of the Stationary State,'' by Kenneth E. Poulding 
•The Risks of Growth," by Richard Zeckhauser 
•*On Reforming Economic Growth," by Marc J. Roberts 
"The Technology of Zero Growth," by Harvey Brooks 
"Rich Countries and Poor in a Finite, Interdependent World," by 
Lester Brown 

''Should the Poor Buy No Growth?" by Willard R. lohnson 
"Urban Zero Population Growth," by William Alonso 
"Growth vs. No Growth: An Evaluation." by Roland N. McKean 
"Epilogue " by Mancur Olson, Hans H. Landsberg, and Joseph L. 
Fisher 

HFF Fello.vship Program 

During this — the thirteenth ~ year in which RFF has con- 
ducted its resources fellowship program, twelve fellowships were 
awarded to doctoral candidates whose dissertations will involve 
the application of the social sciences to natural resource problems: 



\Utc LantJy, Harvard Unlvcrsily — The politics of nalurai resource 
royulation: iho c:«ntrol of strip mininj? in Kentucky 

Lawnmce \V, Abrams, Wajihinglon Univonsily — Operational use 
of corroctive taxos for pollution control 

John W, Huffii^hl, Yale Univorsity Wilderness: a land allocation 
problem 

Alfred Runte, University of California — From wonderlands to 
wilderness: a century of the naliona' parks idea in the United 
States, ia72-l?)72 

Keshar M, Bajracharya, State University of New York at Syracuse 
- ' Economic management of forests in India 

Jon David Harford, Stanford University — A theoretical and em- 
pirical examination of the effects of the federal grant program 
for the construction of waste treatment plants 

Thomas It Hammond, University of California. Berkeley — 
Organiisational structure and political adaptation: the case of 
state fish and game agencies 

Wesley J. Jones, Purdue University — The citizen-designer inter- 
face: a multiilimensional Joint-space approach for the selection 
and design of outdotir recreational faciHties 

David Hurd Jackson, University of Washington — The theory of 
price determination for timber: a maturing asset 

Thomas K, Rudel, Yale University — Property law, social organiza- 
tion, and material conditions in society 

Roger ]. Vaughan, University of Chicago — The costs of air pollu- 
tion 

Kenneth Leathers. Colorado State University — The economics 
of managing saline irrigation return flows in the Colorado River 
basin. 

Thirteen RFF fellows of previous years presented dissertations 
to their universities in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 

Robert C. Baesemann. University of California — The dynamics 
jf agglomeration 

fiired L. Cohon, Massachusetts Institute of Technology — An as- 
sessment of multiobjective solution techniques for river basin 
planning problems 

Susan L. Flader, Stanford University — Aldo Leopold and the 
evolution of an ecological attitude 

Edward C. Gray, University of California — Economic analysis of 
the application of a new technology; the utilization of hot and 
saline groundwater resources in the Imperial Valley, California 

Peter H. P. Ho, Carnegie-Mellon University — Demand analysis 
for urban riverine recreation 

Lowell L. Klessig, University of Wisconsin — Recreational pro- 
perty owner« and their institutional alternatives for resource 
protection: the case of Wisconsin lakes 



Juhn Kuipor, Stanford llnivomty - Analysis of alternalive se- 

Richard H. Mt?ad, Harvanl Univorsity - The Astoria probkm: a 
systems antilysis of an ckctric powor versus air quality conflict 

Aloxandor L. Morton, Harvard University — Freight demand 

Frederick M. Peterson, Princoton University — The theory of 
exhaustible natural resonrcrs: a classical variational approach 

Arndt Seifert, Michigan Stale University — The time price sys- 
tem — its application to Jhe measurement of primary outdoor 
recreation benefits 

George W. Silverthorne, University of California — Optimal pro- 
duction from a seaweed resource 

Stephen W, Sorenson. University of Texas — A mathematical 
theory of coalitions and com])o1ition in resource development. 



Latin American Program 



A NKW PHASK 

Much of RFF s work in Latin America, except for Brazi], has dealt 
with aspects of development and management of water resources. 
The results of this work have been sufficiently promising to sug- 
gest that problems related to water could serve as a central theme 
to j^uidc our rrsearch in the region over the next several years. 
Moreover our experience has indicated that the productivity of 
this effort would be greatly increased if it were designed to engage 
the active participation of Latin Americans interested in this range 
of problems, who are likely to have a better sense of the priorities 
among these problems than any foreigner. Moreover, they have 
readier access to appropriate government agencies and to the data 
needed to undertake research in this diificuh arf.a. 

With these ideas in mind, discussions wcra held in the course 
of the year with economists, engineers, and hydrologists in 
Mexico. Colombia, Chile* and Argentina* to probe the degree of 
their interest in working with RFF in a Joint program of research 
on problems of water development and management. The response 
was enthusiastic and at year's end the program had begun. 
Financed by a two-year grant from the Ford Foundation, it in- 
volves the Center for Agricultural Economics at Chapingo, Mexico: 
the Faculty of Economics, University of the Andes* and the Foun- 
dation for Higher Education and Development (FEDESARPOLLO) 
in Colombia; the Department of Planning, University of Chile; and 
the Department of Agricultural Economics, Catholic University, in 
Chile, It is hoped that arranpemt^nts will also be made for the 
participation of the Institute of Economics, University of Cuyo, 
in Argentina. 

Each institution will undertake research on a problem of special 
interest to its own participants, except that the two Chilean groups 
are working jointly on a single project, A series of four seminars 
112 will be held over two years, at which the participants will report 
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tm Ihcir own work and discuss work undertaken by others. In 
addition, each participant v^iil spend several weeks visiting the 
other institutions in this program where he will give seminars on 
his own work and famiUa4":ie himself in detail with the work of 
his hdsts. It is expected that the results of the research will be 
published in both Spanish and English, either as monogiaphs, 
papers in professional journals, or as a collection of essays, 

Mexico 

RFF's representative in Mexico is William Lord, formerly pro- 
fessor of agricultural economics at the University of Wisconsin. 
During this program year Lord has been developing a program of 
research at the Center for Agricultural Economics, National School 
of Agriculture, at Chapingo. He has focused on the problem of 
rjral poverty in Mexico, which continues to be a major concern* 
Tlie country has maintained a rate of economic growth in excess 
of 5 percent per year for several decades and has achieved signi- 
ficant success in stimulating agricultural production as part of 
this generally good economic performance. Nevertheless, the 
greater part of the gains in agricultural income have been con- 
centrated in the hands of a relatively small number of farmers 
favored by large-scale public irrigation projects and with ready 
access to credi*, modern inputs such as fertilizers, pesticides, and 
farm machinery, and with enough land for efficient deployment 
of these inputs. The great mass of farmers have not participated 
in these developments and remain desperately poor 

Since the Mexican government has reaffinned the problem of 
rural poverty as one of its principal concerns, Lord and those 
working with him at Chapingo are studying the root causes of the 
problem with the goal of providing information useful for develop- 
ment of policies to deal with it. The work is focused for the 
most part on analysis of a variety of Mexican government pro- 
grams designed to improve the lot of the rural poor. In addition 
to supervising much of thi9 work. Lord is actively engaged in 
the study of irrigation policy in Mexico, particularly its impact 
on small farmers. 

Ronald Cummings (Lord's predecessor in Mexico for RFF], now 
head of the Department of Resource Economics at the University 
of Rhode Island, completed revisions of his study of PHLINO, a 
large-scale project of the Mexican government to transfer surplus 
waters in the Sinaloa-Fuerte valleys of Mexico several hundred 
miles up the west coast to supplement declining groundwater 
supplies in the Costa de Hermosillo irrigation district. Cummings* 
study is now under review, 

A matter of continuing interest in our work in Mexico is the 
relationship between agricultural and urban development. There is 
much evidence that the rapid growth of some cities* particularly 



in \hi) norlhwi^slern pari of the country, has been a response to the 
inctease in demand for goods and services generated by rapidly 
expanding agriculture in the hinterlands of the cities. Studies of 
this leiationship have been completed for the cities of Hermosillo 
and Obreson in the state of Sonora, and a new study was begun 
of Mexicali in Baja California. The latter study, financed by a 
grant from RFF, is being done at Arizona State University under 
the direction of Jerry Ladman, With the others mentioned above, 
il will be incorporated in an investigation by Pierre Crosson of 
the effects of public policy toward asriculture on the rate and 
pattern of urban Rrowth in Mexico. 

A study of water planning in Mexico, undertaken for the World 
Bank by Cumminps. Pierre Crosson. |ohn Hernandez, and Edmundo 
Flores (the last two acting as consultants] was completed and 
delivered to its sponsor. 

Argcniina 

Kenneth Frederick completed a two-year assignment for RFF in 
Argentina in July 1973, Working at the Institute of Economics, 
University of Cuyo in Mendoza, he undertook research on prob- 
lems of management of that region^s water resources. Agri- 
culture, particularly production of wine grapes, is the economic 
base of the region, and is wholly dependent on irrigation. Water, 
therefore, is the key to the present and future development of 
the region. In recent decades the demand for water has so far 
exceeded supplies available from the area's rivers that ground- 
water has come to play a vital role in total water supply. There 
is no central management of the groundwater, however, which has 
led to a rate of extraction that is excessive from a social point of 
view. This tendency has been reinforced by government tax and 
pricing policies, which encourage an even higher rate of in- 
vestment in wells and pumping equipment than would otherwise 
occur. In effect, neither public policies nor farmer behavior ade- 
quately take into account the increasing scarcity of water in the 
Mendoza area. 

Frederick s study analyzes the historical pattern of agricultural 
production and water use in the region, showing how, for a variety 
of economic, political, and institutional reasons, the shift from 
a condition of water surplus to water scarcity has not yet been 
sufficiently recognized by farmers and policy makers. A major 
goal of the study is to suggest alternative policies to encourage 
patterns of water use more in accord with the real scarcity of the 
resource, thus strengthening the long-run viability of the regional 
economy. At year s end a draft of the study had been completed 
and was in process of internal review. 



BEST COPY AVf^lLABli 




The hatched orcas indicate ihe principal irrigation 2ones within the 
Cuyo region of Argentina, Currently^ there are nearly 500,000 hectares 
under irrigation within the regiont most of this land is centered around 
and provides the economic base for the region's throe major urban 
areas — Mendoza, San ]uan, and San Rafael Woter use already exceeds 
the total of the average annual river flows and aquifer recharge, cind o 
continuation of recent rates of increase in water use could exhaust the 
usabJe ground water stocks within several decades. To enhance the 
avoihibiiity of water* huge investments in dams« lining of canals, and 
even an interbasin water transfer have been either undertaken in re- 
cent yeors or are under serious consideration. The sites of the major 
dams are indicated on the map. 



Arthur Silvers, RFF*s ropresenlalive in Brazil, continued his 
research and teaching at the Center for Regional Development and 
Planning iCEDEPLAR], a pari of the University of Minas Gcrais 
in Belo Horizonte. Silvers major research project is an analysis of 
the sources of economic growth In twenty small and medium-size 
cities in the state of Minas Cerais, His special interest is the effect 
of public policies, particularly investment in urban infrastructure 
and in transport facilities linking urban areas* on the competitive 
position of cities, both in serving local markets and in exporting 
to markets in other regions. This information would be of value 
in any j^overnment profiram to affect the pattern of growth in the 
nation's urban areas, a matter of increasing? concern to the Brazil- 
ian government. A number of students and faculty at CEDEPLAR 
are actively engaged with him in the project. Initial processing of 
data collected in special surveys of various cities was completed, 
and Silvers began drafting portions of the report during the year. 

As part of CEDEPLAR's graduate program. Silvers also taught 
a course on regional economics and acted as thesis advisor to a 
number of students. He took the lead in organizing a conference 
on urban economics and planning, held at the Center in August 
1973. sponsored jointly by RFF, CEDEPLAR, and the Ford Founda- 
tion, and attended by scholars from five universities in Brazil, by 
urban planners from a number of government agencies, and by 
students and faculty of CEDEPLAR, Papers were presented at this 
conference by Silvers and others, including Lowdon Wingo, 
formerly director of RFF's urban and regional program and now 
Chairman of the Department of City and Regional Planning, Uni- 
versity of Pennsylvania. After the conference. Silvers and Wingo 
met with the head and several senior faculty members of 
CEDEPLAR to discuss how material and ideas developed at the 
conference could be incorporated into the Center's course struc- 
ture on urban economics and planning. 



Publications 



Most of thff research done by Resources for the Future takes final 
shape in the form of books, journal articles, and reprints meant 
for a readership concerned with natural resources and the quality 
of the environment, induding teachers, research specialists, stu- 
dents, citizen groups, and administators in business, industry, and 
government, 

BOOKS. Durinj; thr l972-7'3 program year, eij^ht new books were 
published and five others were sent to press; these titles are indi- 
cated by an asterisk in the full list of publications below. 

Book-length studies published by or for RFF fall into two 
uategones: {!) hardcover books for individual or library use« some 
of which are also made available as low*priced pape/bawks for use 
as texts or supplementary readings in colleges and universities; 
and {2) paperbound monographs on more specialized research, 
reconnaissance studies, and collections of papers presented at 
conferences sponsored by RFF. Most of the boo^s in the first 
category are published and distributed for Resources for the Future 
by The Johns Hopkins University Press and are indicated in the 
list below as |HUP; the few issued through other publishers are so 
idvntifird. Books in the second category, which are published by 
Resources for the Future, are distributed by The Johns Hopkins 
University Press, They are identified in the list as RFF. 

CRANT-SVPPORTED STUDIES published by other institutions. 
Books based on research supported or partially supported by 
RFF grants and issued by other publishers during the last live 
years are listed on pages 123-24. 

THE RFF REPRINT SERIES. This series makes available in limited 
quantities reprints of selected papers written by RFF staff members 
and originally published in journals or proceedings. Single copies 
are free on request. Nine new reprints were added during the 
program year Reprints available at the close of the year and staff 



\\riiin}{H |nihlmhf?d iii profi'si^ianal Journals during iho year arti 
listed on pi^^es 124-25 imd 134-37, 



HESOURCES, This bulletin* issued three times a year* contains 
brief articles hased on material from recent books or papers based 
on staff research. The January issue reviews some slsnilicant 
events of the previous year relating to the use or management of 
natural resources. The bulletin, v^hich varies in length from four 
to twenty-four pages, is free on request. 

BOOKLETS. The following are available free: a brief description 
of the organization. Resources for the Future. Inc*: Its Aims and 
Work: a booklet listing RFF fellowship recipients from 1960 to 
1973, together with their past and current affiliations; and a list of 
RFF books in print. 



Rl F HOOKS STILL IN PRINT 



NATUhAL nESOUHCES AND 
ECONOMIC DEVELOPMENT 

Arrow, Kenneth J,, and Mordccai Kw7 Pub- 
lic Jnvostnicnt xbe Jicte of Roiurn, and Op- 
iimol Fiscal Policy, JHUK 1970; third print- 
ing 1972. 248 pp, $9,00. 

Barnett, Harold and Chandler Morse. Scar- 
city and Growth: The Economics of Natural 
Resource Avoilability. JHUP, 1963; second 
printing 1968. 304 pp. $9.00. Paper, 1965; 
second printing 1969, $2,25. Polish Edition. 
£honomil«] zasobow naturulnvch. Warsaw: 
Ksiaka i Wiedza, 1967. ZI 30. 

Haveman. Robert H, The Economic Perform- 
once of Pahhc Investments: An Ex Post 
Evoiuaiivti of Water Itesources Investmenlt. 
JHUP, 1972. 142 pp. $7m 

Haveman. Robert H., and John V. Krutllla. 
Unemployment, Idle Capacity, ond the 
Evoluotion of Public Expenditures: No- 
iional and Regional AnoJyses. JHUP, 1968. 
172 pp. $6.50. 

jarrett, Henry, ed. Comparisons in Resource 
JVfQnagement: Six Notable Programn in 



Other Countries ond Their Possible U.S. 
Application — essays based on the RFF 
Forum lectures of 1961. JHUP, 1961. 292 pp. 
Cloth out of print. Paper edition (Univer- 
sity of Ncbraslia Press] 1965« $1,65. 
tLandsber«, Hans H. Noturol Resources for 
ilS. Growth: A Look Aheod to the Year 
2000. Based on Resources in America's 
Future. JHUP, 1964; third printing 1967. 270 
pp. Paper, $2.45. 

Landsbcrg, Hans H., Leonard L, Fischman, 
and Joseph L. Fisher. Resources in Amer- 
ica's Future; Patterns of netjuiromenls end 
AvailabilHies, JHUP^ 1963; second 

printing 1964. 1,1)38 pp. $20,00. Russian edi- 
tion. Hesursy S.Sh.A. v budushtshem. 2 vols. 
Moscow: Jsdatfiistvo Progress, 1965, 3r 57k. 

Levin, Harvey J. The Invisible Resource; Use 
vnd Hejiuiution of the Hodio Spectrum. 
JHUP. 1971, 454 pp. $12.00. 

Potter, NeaL Nalurol Resource Potenflols of 
the Antorciic, New York: American Geo- 
graphical Society. 1969. 106 pp. Paper* $4.00. 

Potter, Ncal and Francis T Christy, Jr* 
Trends in Natural Resource Commodities: 
Statistics of Prices, Output, Coniumption, 
Foreif^n Trade, and EmpJoymant in the 
United StaieB, 1870-1959, JHUP, 1962. 580 
pp. $17.50. 



* l^ibHihed or in proti during tha 1«72 7j prof ram yaar. 
t Capacially prcparad for sflD«raS r«adarf . 

Kol%: HFP and )HUP books in Ihii liat may b« ordartd from Tha Johns Hopkins University Prvss. Baltimore. Msrylasd 
31911, or J*4 Brook Strtct. LondDii W. lA, l AA. Eng Isnd. 
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KWinONMKNT.AI, STUniKS 

*Andrrson, Kmh*rkk with R«h<»tl H. 

'Janli^b. XKIVX u\ thv iltnirts: A l.v^itl 
Anulysis «f the NNiJmihjl Hnvironnu^nhjl 
Palu:y Avt. )Hl»\ 31^:^. 424 pp. 

AyT<»8, Robert Xl., und Hkhard 1*. M«:Ki»nna» 

Kn^inv: Imjmr.t^ tm KnvmmmvnUii Quuhiy. 
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imui Hesoijr<:e.s m UiUn AwvuvAm DeveJ- 



opjnent JHUP, 1970. 512 pp. (8'^^ x ll^ 
248 tables). $20.00. 
Herfindahl, Orris C. Noturnl Resource Infor- 
nnition for Kconoiftie DeveJopnient. |Hl]P, 
1969. 228 pp. $8,00, Spanish edition, Los 
Recursos noluriiles en el dcsnrroJIo econo- 
mice: metlios y proRromus de informncion. 
Textos del Instiluto Latinoamericano de 
Planificaci6n Econdmica Social Santiago* 
Chile: Editoriail Universitaria, S.A„ and 
Mexico, D.F,; Siglo Veintiuno Editorjes, S.A„ 
1970. 

Mikesell, Raymond F„ and associates (sec 

Under Enerj>y and Nonfuel Minerals), 
•Nelson, Michael The Development of Tropi- 
vai Lnnds: Pohcy Issues in Lutin America. 
IHIJP, 1973, 324 pp. $12.50, 
Pt^rloff, Harvey. Alhnnce for PrG;;ress: A So- 
i.ioJ Invention in the Making, ]HUP, 1969. 
272 pp, $8.50, 

Wollman, Nathaniel, The Water Resources of 
('hiJe: An Kcoiioniic Method for Analyzing;? 
(1 Key Re.source in u Nation's Development. 
)U13P, 1968, 298 pp. $9.00. Spanish edition, 
Los iJecursos hidi^iuhcos de r,*hiJe. Cuader- 
nos del Instituto Latinoamericano de Plani- 
ficacion Er.onomica y Social, Series IL No. 
10, Santiay^n, 1969, 



STIJDIKS IJNDKRTAKKN WITH RFF SUPPORT AND PUBLISHKD 
BY OTHKR INSTITUTIONS DURING THE LAST FIVE YEARS 



Cameron. Gordon C., and Lowdon Winj^n, eds. 
Cities. Rej»jons and PnhUc Policy. Edin- 
burgh: Oliver & Boyd, 1973. 360 pp, £5 0^. 
(Partial support by grant to Conference on 
Economic Research and National Urban 
Development Strategies, Glasgow, 1971.) 

Cnmbrrland, john H, Re>?ionaJ Deveiopnient: 
Experiences and Prospects in the Vniicd 
States of Ameri<:a. Regional Planning Series 
oi the United Nations Research Institute for 
Social Development, Geneva. The Hague: 
Mouton, 1971.188 pp. 

Duncan. Beverly, and Stanley Lieberson. 
Metropolis and Region jn Transition. Bev- 
erly Hills: Sage Publications, 1070. Jlh pp. 
$8 95. (Grant to University nf Michigan.) 

G* twin, Donald. Rudgeting Public Funds: The 
Decisjon Process in an Urban Schooi Dis- 
trirt. Madison: University of Wisconsin 
Press, 1969, 170 pp. $7.50. (Grant to Carnegie- 
Mvllon University.) 

Gold, Bcla. Kxpiorations in Managerial Kco- 
nonncs. London: The Macmillan Press, Ltd., 



1971. 297 pp. £3.50- {Grant to Gasc-Westcrn 
Reserve University.) 

Guyol, N,B. The Whnid FAactric Power Indus- 
try- Berkeley: University of California Press, 
1M9. 386 pp, $20,00, (Grant to University of 
California, Berkeley.) 

Hickey, Richard )., David E. Boyce, Evelyn B. 
Harner. and Richard C. Clclland. Explora- 
tory EcoJogica/ Studies of V;iriaJ)Jes Related 
to Chronic Dis Jse Moriality Ra'cs. 197L 
194 pp. Paper (Xeroxed). (Grant to Fels In- 
stitute of Local and State Government. Uni- 
versity of Pennsylvania.) 

Hirsch, Werner Z., and Sidney Sonenbltim. Se- 
lecAing Regionol Jn/ormation for (Jovern- 
ment PlGnnin^ and llecision-Mahinn. New 
York: Praeger Publishers, 1970. 212 pp. 
S12.50, (Grant to Univi^rsity of California. 
Los Angeles.) 

Uolman, Mary A., and James T. Bennett. Defer- 
nnnnnts of Rcrrontional Use at Eight Corps 
of Engineers HeseTvoirs in the Dnllos-^Forl 
Worth Area. Washington, D.C.: George 
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Washint^ton tinivirrsily, 1971. 211 pp. Paper 
fmimt^c), $4.00» JGriint to N<itural R«*$ourc<?s 
Policy Center* George Washington Univer* 

Isard, VValti^r. and otht^rs. EcoJoj^ic-Ecoiiomit 

York: Tho Fnro Pr€>ss, 11572, S^BB pp. Si::^.95. 
IPiirtial support by ^lani to University of 
Pennsylvania,] 
Klausnor. Samuel Z, On Man ond His Knviro"- 
ment. Jossey-Bass Behavioral Science 
Serit^s. San Francisco: Jossey-Bass, 1971, 
238 pp. $a,Sf^ (Grant to Bureau of Social Sci- 
ence Research, Inc.) 

MacAvoy, Paul \V. Kconnnjic Strote^y for lie- 
Vi}h}pm^l KmAenr Breetkr Reactors, Cam- 
brid$»e and London: M.LT. Press» 1969. 216 
pp„ SlO OO. (Grant to Massachusetts Institute 
\A Technology.) 

Mc(:ulh)u^ih, nah^ R. The TuJe Elk: lis History, 
Jk'h<3VJ(ir, and hxolo^y. Publications in Zool- 
ogy, vol. 88, Berkeley and Los Anj2;eles: Uni- 
versity of California Press. 1969. 209 pp. 
Sfi.SO. (Grant to University of California.) 

Mack, Ruth P. Planninff on Uncertainty: Deci- 
sjon AJnliinij in Biisjness and (lovvrntm^ui 
Aihninistratjon. New York: john Wiley A 
Sons, liri, 2T>ry pp. SUA)Ti. (Grant to the In- 
stitute of Public Administration.} 

Mennes. L. B. M^, Jan Tinber^^en. and }. George 
WaardenburR, The Klemvnt of Spore in De- 
veJopnient PJcjnnin^?. VoorburgwaL Amster- 



dam: The North-Holland Publishing Co.» 
1969, 340 pp* D, fl, 54 ($15,75), JGrant to 
Netherlands Economic Institute.) 

Kingland, Arthur C, Conservinj? Humon ond 
N*alurol Resources, Berkeley, Calif,: Univer- 
sity of California. 1970, 368 pp. Paper 
(Xeroxed), (Grant to Ke);;ional Oral History 
Office, Bancroft Library, University of Cali- 
fornia, Berkeley,) 

Schnilzer, Martin, Hegionnl Vnemph^ymcnt 
and the Hclocotion of Workers, Pracgcr Spe- 
cial Studies in lilernational Economics and 
Development. New York: Praej^er, 1970, 253 
pp, $15,00, (Grant to Virginia Polytechnic 
Institute,) 

Smith, Wallace P, Housing?; The Socicii and 
Economic Elements. Berkeley and Los An- 
geles: University of California Press, 1970, 
528 pp, $12.95, {Grant to University of Cali- 
fornia, Berkeley.) 

Thomas. Ray. AycJiffe to Cumbcrnfiufd: A 
Study of Seven New Towns in Their He- 
gians, \ot 35, broadsheet 516, London: 
Political and Economic Planning, December 
1969. 172 pp. 20s. (Grant to Political and 
Economic Planning.) 

Thomas, Ray. a. r -Ion's New Town,s: A Stinly 
of Self-ContninCi* and BoJonced Communi- 
ties, vol, 35. broaQ>,heet 510, London: Politi- 
cal and Economic Planning. April 1969. 100 
pp. 10s, (Giant to ) ulitical and Economic 
Planning.) 



K! F RKPRIXT SERIKS STILL AVAILABLE* 



10. Methods of Mensurin^^ the Demand for and 
Value of Outdoor Recreniion, by Marion 
Clawson. Fourth printing;, 1572. Addi- 
tional copip*5 60 cents each. 

66, The Lcad-7Anc Anomaly, by David B. 

Brooks, Reprinted from Transactions 
(Society of Mining Engineers), June 1967. 

67. Conservotion Reconsidered^ by John V, 

Krutilla. Reprinted from American Eco- 
nomic Heview, September 1967. 

75. Latin American Urbanization: Plan or 

Process?, by Lowdon Wingo, Reprinted 
from ShnpinjR an Urhon Future, by Ber- 
nard ]. Frieden and William Nash. M.LT, 
Press, 1969. 

76, ProduclJon. Consumption, and Extcrnalilics. 

by Robert U. Ayres and Allen V. Kneese. 



Reprinted froju American Economic Re- 
view, June 1969, 

77, The Definition and Measurement of Drought 
Losses; The Northeosf Drought of 1962- 
66, by Clifford Russell. Reprinted from 
Proceedings of the Fourth American 
^oier Resources Conference, 1969, 

76. De,s«Jted Sen Woter for Agriculture; Is It 
Economic?, by Marion Clau^son, Hans H. 
Landsberg, and Lyle T. Alexander, Re- 
printed from Science, June 8. 1969. 

80. Pervasive External Costs and the Hesponsd 

of Society, by Allen V. Kneese and Ralph 
C d'Arge, Reprinted from The Analysis 
and Evaluation of Public Expenditures: 
The PPB System. A compendium of 
papers submitted to the Subcommittee on 



Koprintfl linted are available from RFF; single copies free on rcquc^iiti ndiiitionol copies of the lame reprint at 
cents CAch. except where noted above. 



l*^unomy in (Iuvi»jnmi*nt f)f thi» Joint 

iWoT^v \1 M*:Hrido and Marion {lUuvson. 
Hvprintrd fmm /ouniul uf thv Awvru an 
ImUluti} nf Phj|jn<?rs, January l*^ro. 

62. A N%nv PrjJiry Diri*r!H)n for AnHTiron /\j*ri- 
f iiHurr. hy Marion Cliiwson, R**prinlrd 
from lourtud of S(^iJ juui U\ji<^f Comvr- 

84. Cn«Jinf>ns» MiinuiJy Pi^pTvsvniatwn, and 

Vi)Ci?-7'njxjjj)\; i'rnijijjjiiitios. by Edwin 
Harfrh?. Ki^printiHl from Puhiji: CJiox 

85. TJ)f? [)<?vi^^)pmi?n? of Knrriiv m Ka^t Knr«|)i\ 

by }. ^5, l^t)hu:h. Krprinitul from hU asuimkc 

EuTDpv A i:nmpinuiium of papers ?sub- 
initl^'ii to \hv Hnbi:nn)mitl<M? nn Fonu^n 
Kionunnc PoHry of th^ Joint Kt:onomi<: 
c:omnnHiM\ m Con^, 2 session {19701, 
Additjunal < opirs 5(3 crnt?i <?ai:h. 

89. Mid<Ji^? Kustoni Ud tn tUv Kvxl thu udx}: 

Sunu) Prosptu:ts und PiohU m*^, by Ham 
H, Schurn Reprinted from Proceedings 
of the (louncd of Economics, Anif^rican 
Institute of Mininj^. Metallurgical, and 
Pv'trt)leuni Knj»inre'r.s. ln<:.. Annual MimM- 
inji. Drnvrr, Colorado. Fi^bruary 15-19, 
1970. 

93, Evoiinjtion of an Aapvct of KoviroiunrnttJl 

Qnn/jty: }leih Ceinyon Hrvjsifrd. by John 
V, Krutilla. From ProcvvAiin^s of ihn So- 
rud Statistics iyvction, Amrrican 
Statistir;d A,ssoi iation, Washington. D,(^. 

94, A UljiUy 'J heory of Govvrnmeni, by Edwin 

T. Hat^fob\ From Amir?rir:on Erotuiwu: 
Heview. June 1971, 

90, Coi^siitxatHm as Hi?s<?ijr/ b. Poijr y. aud At> 

uHi. by J«)sopb L Fishrr Tho Horace M. 
Albrijjht Conservation Lrc:!ur<\sbip no. XI. 
S<:hool of Forestry and ('onsrrvation. 
lJni\ersity of flaJifornia, Berkeley (April 
lo, 1971). 

98, Solid Jb'snliJij/s Mini}i:vnivnt: .Some Ki n- 

nomn: (ron.sjdr*rof]ons. by Walter Sfiof- 
lurd. }r. From Sniund Hi'sonn vs Jonrnid, 
vnl 11 ljuly 1971). 

99. K< ofi/u])ir ijjid Ei olii^^ii id Effvcif^ of o Sin- 

fjooory Kionomy. by Robert U Ayrns and 
Ailim V. Kin*«^s?\ From yXnnunl Hevjeiv of 
Fi fdn^y aud Syslen)r]tjf:s, vol.2 (1971). 

100. }h-sidiuds Mniin'^eiiiez)! in i}]v Pidp ond 
Pfjper Industry, by B. T. Bower, George 
Cf C; Lof. and VV. M. Hearon. From \o- 



lurol ncsour«:es Journoi, vol, 11 iOetober 
1971), 

inr Fjsbenes: c:ommoji Properly* Open Aixess, 
end the Common Uvnti)^v, by Praneis 1\ 
tJhristy, |r. From Powm in Moribus, vol, 
2 (Ihiiversily of Malta Press, 1971), 

102. Knvironmenfol QnoJity and }nti?rnoiJ€)noJ 
TrmU\ by Ralph C. d'Ar«e and Allen V. 
Knees<\ From IniernoJionol <)rj»onji^otion. 
vol 26. no, 2 jSprinji 1972), 

10;i Two Studies in VVoler Jiesoiiri:e,s Mon^ijje- 
ment, ''The Temporal Ano<;a!ion of 
(;ronnd Water- A Simulation Appro;u:h/' 
by John I). Bredehoeft and Robert A. 
Yonn^; and "Oij^ital Computer Simulation 
for Solvinj^ Manaj^ement Problems of f-on- 
junr.tive Groundwater and Surface Water 
Systems/' by Robert A, Vounj? and John 
O, BredehoefL From Woter Hesourees 
Heseoreh, vol, «. no, 1 (February 1970} 
and vol, 8. no, 3 (June 1972). 

104, Thv PropvTiy Tux Is u Proqressu'e Tax. by 
M, Mason GaUney, From the Proi:erdings 
of the Sixly-Fourlh Annual Confi»rent:o 
on Taxation sponsored by th»^ National 
Tax Assor.iation, 1971, 

lOf), The Future of SonnwAropiditon Anwiuiu, by 
Marion Glawson, From The Aniericun 
ScboUiT, vol. ^2, no, 1 (Winter 1972-7:S j, 

llTii, iiesouree and Knvirono«,*jitoi Consequences 
of Popidolion (^roivlh in the Vnitod 
Stutvs , , , A Summury. by Ronald G, 
Ridker, From The Commission on Popula- 
tion Growth and the American Future, 
Research Reports, vol. III (1972), 

107. FnvironmenloJ Motrix, by Sterling Bru- 

baker. 1973. Additional copies 10 cents 
each, 

108. Some Eronomir; and Ecoio^^ieid f'onsidero- 

turns Involving; Wnsle Neuspoper^*. by 
Thomas lb FL Quimby. 1972. Additional 
copirs $1-00 each. 

109. (.'on^esfion, Qxudity Deteriorolion. end Op- 

Jinnd IJsf?: WjJderness Heererition in tbo 
^jpunisb Peoks Primiiiva Area, by Charles 
J. Cicchetti and V. Kerry Smith, From 
Socio/ Science Beserjrc/i. vol, 2. no, 1 
{March 1973). 

110. Urban Scn/e and KnvironmenlijJ Quality, by 

hving Hoch. From The Commission on 
Population Growth and the American Fu- 
ture. Research Reports, vob III (1972). 

111. Monej^ement Science. Kconomics end Kn- 

\noiw\tmtid Scjenre, by Allen V. Kneese, 
From Meno^cment Science, vol, 19, no. 10 
(June 1973). 
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Related Staff Activities and Writings 



ACTIVITUCS A SKl.Wn iVK I.IST 

BLAIR T BOVVKR, c:ontinupd nn \hv staff of 
the gradual*? Depiutmrnt of Cily and Ri^j^ionnl 
PlaPDing* Univi*rsity of North Oiiro3in«, {"^hapi^l 
Hill, as visitinjj l«M.tur**r; srrV4*d as adjunct pro- 
fessor in tho ^radua!i> Pro ram in Urban Policy 
Scienr.es of the Stato University of New York. 
Stony Brook, Was promoted to Fellow. Ameri- 
can Society of Ci\ii Kn^ineers. Continu«*d to 
serve as a member of the editorial board of the 
/ourntll of Soj] ami Wuler Conservation and of 
the National Advisory Council of the Kaixiral 
Hesourr.es journul Served as vice-chairman of 
the Effluent Standards and Wator Quality In- 
formation Advisory Committee, established 
under the Water Pollution Control Act Amend- 
ments of 1972 to advise the EPA Administra- 
tor; member of the American Society of Civil 
Engineers Committee on Environmental Quality 
Management; and member of the Water Pro- 
gram Committee of the Environmental Defense 
Fund. Scrv«!d as consultant on environmental 
quality and^or water resources management to: 
Maryland Environmental Service; UN Water 
Resources Section; Indiana University School 
of Public and Environmental Affairs; ]ohns 
Hopkins University-Urbanisticni Institut SRS 
Environmental Project. Ljubljana. Yugoslavia: 
and the World Health Organization (WHO) 
Regional Office for Europe. Was WHO con- 
sultant to the CzechoSiOvak Research and De* 
velopment Centre for Environmental Pollution 
Control. Bratislava. C^sechoslovakia. and served 
as the WHO consultant on the Mission for Mid- 
Project Review of the Centre's activities. Spent 
six weeks as ''onsultant to the firm of Basler 
und Hofmann, Ingcnieure und Planer. Ziirich, 
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Switzerland. Presented the following lectures 
and talks: ''National goals for water quality 
management." to the Water Resources Seminar 
at North Carolina State University, Kalt>igh- 
University of North Carolina. Chapel Hill; 
" Conceptual framework and mathenintlcal tech- 
niques for analysis of residuals-environmental 
quality management problems" jwith Waiter <), 
Spofford, |r,j. in Bratislava and Prague. Czechi)- 
slovakia. under the aegis of the Czechoslovak 
Research and Development Centre for Environ- 
mental Pollution Control; "Politics of pollu- 
tion/' at the Indiana University School of 
Public and Environmental Affairs; "Some com* 
ments on the draft report of the national water 
commission," at the annual meeting of the 
American Society of Civil Engineers* in Wash- 
ington. D.C.; ' Residuals management in modern 
society/' to the Philadelphia Society for Pro- 
motion of Agriculture; "'Residuals management 
in the coal-electric energy industry/* to a 
National Academy of Science panel; ''Econom- 
ics in water quality planning/' at the Water 
Quality Planning Seminar of the Interstate 
Commission on the Potomac River Basin; 
*'Residuals-environmental quality management: 
application to L|ubliana/' at a public meeting 
a! the U.S. Information Agency In Ljubljana. 
Yugloslavia; and "Effluent standards vs. effluent 
charges/' at the Swiss Federal Institute for 
Water Resources and Water Pollution Control. 
Presented a paper. ''Studies of residuals man- 
agement in industry." at the RFF — Universities- 
National Bureau Committee for Economic Re- 
search Conference on Economics of the Envi- 
ronment, Chicago- 
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momhrr of rx^n ulur i.umn^jUrr, J.aw of tho 

SoiUtMy of Intorn.uiunal L^w: (Commission to 
SnuJy iho Orji.un/.^non of Psi*a»v: lnt*>rniiUonal 
Marin** S»:ii»nt i» Alf.iirs PoU? y (^ommiitof. 
Ui:oaa AHairs Board. Naliiinal Aradomy of 
S<ionx.«*s: Advisory CounriK Otoan Studios 
Program, Woodrow Wilson Inti^rnational (^rntor 
for Hi:hoKirs,» Advisory Panoi for Soa (trant 
Proj^nts. National C^tvanic and Atmnsphrrii: 
Adnnnisiration; and Krnnomir: Poiontia! Com- 
nnttri\ Marin** Tri;hnolo\^y SorJoty. Sorv^nl as 
assoaato editor. Orron l)i^vi>J«jpmrnt uwd Jn- 
T<*rn*jtjo})id Law }onrn^iJ. C»a\i» papiMs on fish- 
rrios at t onft^rt^nt t» of Am<M i<:an Association 
for tho Adxanronirnt of Si;i«MM:o; and ai fonrih 
annual P^n rni m \Uirihus cunUnvna^ in Malta. 
PrrsrntiMl jirrliminary paprr at ronf<^rom:«^ of 
Asian Afri< an Lr^al Consullativo <^)ninntltM> in 
\N»\v l^olhi. Addrrssmi Indian Sori^My of Inirr- 
national Law. \r\v Di^lhi; and ^av^- radio in- 
trrvi<»ws in N'- v D^dhi, NJalla, and Washinpton 
(WAMIM'^N .tti^ndiul VAO 'lV(hni<:a! dm* 
for<*n<:i' on Fishi-ry Manaj»rniori and D«*vidop- 
n><*nl. \'an< ouvrr. f »avo 1«m tnr»*s on inft»rnati<Hud 
fisht*rii*s, rn«or^<» Washinj^lon ITnivorsity l.iuv 
Si'hool and Sidwtdl Friends .School Was mvm- 
i)or of panH m\ tho Manaj^omrnt oi Commorrial 
Fishrri«\s at tho Oroan Rosourros Manaj^nmi^nt 
Proj;rani. Ard**n Honso, Cavo sominar on oc<»an 
n^sotircos at tho Marine Manajjrmrnt Work- 
shop of th<^ Contor for TiH.hnoloj;y and Ad- 
ministration, Ami^riran IJnivnrsily. Partir.ipatrd 
as jndjjt> in tho semifinals of tho Jrssup Intor- 
national Moot Court Ctjmpotiiion. Washi^j'^on, 
DC. Orjjaniztul srrios of seminars on fisherii^s 
at fJ\ Sr.^ -^^i^'t i:umn)itliN> mni>!in>;s in (>onrva 
i^t t* p. 10(5). 

MARION CLAWSON. Continued to servo as a 
member of the President s /nlvisory Panel on 
Tunher ami the Knvironmenl. and the Com- 
mittee on A^riruUnral Production Hfficienr.y of 
the National Academy of Sciences-National 
Research Councnl (NAS-NRC). Named as mem- 
her of the Hoard on A5zricultnre and Renewablo 
Resources, Commission on Natural ResouTces. 
NAS-NR(': and of an American A-^ricultura! 
Fconomics .'^ svociafion (AAKA] group prrpar- 
injii a section on *'Rural People. Communities 
and Rejjinns - Economic Problems/* as part oi 
tht! AAEA Post War Lileralure Survey. Pre- 
sented talks on "Complexity of environmental 



BEST tm AVAIUIBIF 

stdutions • trade-off.^/* to Knvironmental Con- 
ference for Administrators of Coniinnins edu- 
cation. Pennsylvania State University; on land 
and water conservation* at tho quarterly meet- 
in\5 of the Maryland State Division of the Izaak 
Walton Lea\;ue of America: and on "Some 
economic bases for forest policy," at a meetinj^ 
of W*estern Forest Kconomiisis, Presented paper,«J 
on "A look to the past and a look to the 
future/' at the National Land Use Policy 
Conference, sponsored by the Soil Conservation 
St)ciety of America; "Land use «:ontrol in 
mejjalopolis — policies and problem?;,*' at Sym- 
posium on Property Rij>hts and Land Use 
Controls, American Association for the Ad- 
vancement of Science JAAAS) ann\ial meiHinj^; 
"Multiple land use," at the Third World 
Conference on Animal Production held in 
Melbourne. Australia; ''Alternate uses of land,'* 
at Symposium on Deserts and Arid Lands, 
National (Council for Science and Technology 
of Mexico-AAAS meeting, Mexico (^ily; '^Theory 
of land use planning/' at Pennsylvania Land 
Policy Conference: and "Future <iemands for 
forest land resources and uses/' at the 1073 
National Convention of the Society of American 
Foresters. 

THOMAS B. COCHRAN. Served as consultant 
to West MichijRan Environmental Action; as 
m:*mber of the National Academy of Sciences* 
Panel on Strategy for Devdopinj? Nuclear 
Merchant Ships; and as member of the Task 
Force on Energy Conversion Research and 
Develo]imeni of the Federal Power Commis- 
sion s Nation ) Pouter Survey. Presented speech 
on "Costs, lK!nefils, and alternatives in the 
AEC s NI»!PA process: a view from the outside/* 
before the American Law Institute and Ameri- 
can Bar Association Course of Study. Atomic 
Energy Licensing and Regulation — IV, Wash- 
ington, DC. 

PIERRE K. c:ROSSON. Served as discussant at 
a conference on the economics of small farmer 
agriculture, Purdue University; gave a paper at 
the International Symposium on Water Re- 
sources Planning. Mexico City; participated in 
a conference on Policies Concerning Migration, 
Urbanization and Population Distribution in 
Latin America, held in Bogota; and served as 
member of advisory committee on Inter- 
American Development Bank study of irriga- 
tion projects in Latin America. 
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|OEL nARMSTADTKH. Srrv^ul «s a consuUnnt 
to the Ovrtsoas Dmrlopmt^ni (^ounciL Wash- 
ington. D.C: as panelist on 'Thi» Kttnnoniics 
of Energy*" Joint Study Group on Military 
Rosourco AUocation Mothodoloj^y, ?*j.onsori}d 
by th<* MITRK Corporation; as discussant at 
th^ Lehigh Univi^rsii^ symposium on *'Th<» 
Problems of Economic Growth''; and on a 
project reviirw panel of the National St:ient:e 
Foundation. Testified Ijointly with Milton F. 
Srarll before the Senate Cf^mmittee on Foreij^n 
Relations at its hearings on energy and foreign 
policy. Continued to serve as a member of 
the Johns Hopkins University advisory panel, 
studying power plant siting in the Chesapeake 
Bay region. Prepared a paper {jointly with 
Eric Hirst, Oak Kidgo National Laboratory) on 
**Energy conservation research needs/* as part 
of RFF's pro}et:i on an energy research agenda, 
sponsored by the National Science Foundation, 
Presented papers on various rronomic tisjMurts 
of energy at: Outlook for Enerj^y Confer- 
ence, Upper Midwest Council, Minneapolis; 
Conference on Energy* the Environment and 
Human Health, sponsored by the American 
Mediciil Association's Congress on F'nviron- 
mental Health. Chicago; Environmental Quality 
Committee of the League of Women Voters of 
the National Capital Area; and a symposium 
at the Univcr^tity of Delaware. 

ANTHONY C. FISHER. Conducted seminars at 
State University of New York at Buffalo; 
University of California at San Diego; Univer- 
sity of North Carolina at Chapel Hill; and 
University of Maryland at College Park 
Presented papers on "An economic and econo- 
metric model for the valuation of environ- 
mental resources with an application to outdoor 
recreation at Mineral King*' (with Charles ). 
Cicchelti and V. Kerry Smith), at the Econo- 
metric Society meeting. Toronto; and on 
"Valuing long>run ecological consequences and 
irreversibilities*' (with John V. Krutilla], at an 
Environmental Protection Agency symposium 
on the use of cost-benefit analysis in environ- 
mental management. 

JOSEPH L. FlS!fER. Accepted membership on 
the newly formed Advisory Council of the 
Electric Power Research Institute. Served as 
member of the Committee on Public Engineer- 
ing Policy and the Commission on Education 
of the National Academy of Engineering; the 



Orean Affairs Qoard of the National Academy 
of Sciences; the Board of Directors of ihtr 
American Forestry Association ; the Arctic 
Development and Environment Progratn of the 
Arctic Institute of North America; the Natural 
Resources Committee of the U.S. Chamber of 
Commerce: the Advisory Board of the Ford 
Foundation's Energy Policy Project; and other 
resource-related organi;;^ations. Attended the 
annual meeting of the American Association 
for the Advancement of Science and acted as 
chairman of a session on *'An Evaluation of 
Forrester-Type Growth Models,'* At American 
Public Works Association annual meetmg was 
discussant and inviti»d member of pa«el on 
"New Perspectives on Resources and Pro- 
ductivity." Attended conference on the' No- 
(irtiwih Society sponsored by l3oed«his, the 
journal of the American Academy of Arts nnd 
Sciences, and RFF. at Brookline, Mass,, and 
acted as discussant on the paper by Williijm 
Alonso entitled **lJrban y.ero population 
grt)wth/' Served as a hearing officer for tenth 
annual mei^ting of the D,C. Public Health 
Association. Participated in the Symposium on 
Population, Kesotjrces and Environment, in 
Stockholm, organised by the United Nations in 
cooperation with the Swedish government, 
where he prepared a paper on '"Environmental 
problems of the developed countries**; in the 
Second Environmental Leaders* Forum held at 
Cornell University, where he spoke on "Short- 
' m gains vs. long-run concerns"; and in a 
conference on Population Problems and Policies 
in Economically Advanced Countries, held at 
the Ditchley Foundation. Oxfordshire, England, 
where he gave an informal talk on changes of 
policy and governmental action needed to 
conserve resources and to protect the environ- 
ment. Was guest speaker on '•Resource plan- 
ning* in the Distinguished Lectu*"»» Scries at 
Tuiane University; and on ''Research, policy, 
and action for conservation/* at the Canadian 
Pulp and Paper Association in Montreal. Was 
the banquet speaker on *Thc challenge of the 
future — - opportunities and imperatives for 
economic education,*' at the 2Sth anniversary 
celebration of the Kazanjian Foundation, held 
under the auspices of the Connecticut Council 
on Economic Education in Hartford. Was in- 
vited luncheon speaker on "Energy, environ- 
ment, and the economy," at U.S. Information 
Agency-sponsored monthly luncheon meeting 
of Washington area government, foundation, 
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and privati' olTiuais ai:tivo in s^:^l^n<:^r^ and 
c:o}nTnunii:aUon ovi^rsras. Pri>H«ntiini \hi} Gon- 
Ziilvz Distinjiuishfd Lecture, on virw into 
ihv fuUm^ for rnt^rj^y/* und<»r the auspices of 
the Dt»pariment of Management, University of 
T« xas. Austin. Presented address on 'Costs of 
pxdlution/* to National C«nfi?rence on Mana^in^ 
the Environment by the Environmental Pro- 
ter.tion Ajjency; on "The enerj^y r.risis: national 
policy and potential solution," to the Western 
Ctovernors' Conference in Orej?on; on **Progress 
report on the Washin}>ton, D.C , Metro/' at the 
annual meetinjl of the American Transporta- 
tion Association; and on "Kesoutces for future 
world human needs." at the School of Inter- 
national Service at American University. Pre- 
sented paper, **Population jjrowth, resource 
a\adahihiy and environmental quality" Jwith 
Kotiald Kulkerj. to the American Kconomic 
Association meeting. Toronto. Gave informal 
address on transportation to the Lea$;ue of 
Women Voters of the National Capital Area; 
and on pmhlems nf energy and the environ- 
ment to the law faculty of the University of 
Denver. 

MASON GAFFNEY. Served as consultant to 
the jiovernment of British Columbia. Was dis- 
cussant at session entitled, "The Economics of 
Growth," at the Toronto meeting of the 
American Economics Association. 

EDWA' T. HAEFELE. Continued to serve as 
chairman. Advisory Panel on U.S. Strategy for 
Developing? Nuclear Merchant Ships. Maritime 
Transport Kesearch Board. National Academy 
of Sciences. Served as a member of the edi- 
torial hoaril Urban Transportation Fact Book. 
Motor Vehicle Manufacturers Association 
Gave lectures on "Environmental management 
and collective choice," at State University of 
New York. Stony Brook; and "Social choice 
in a re>»ional environmental model/* at the 
University of North Carolina. Presented papers 
on "Paradox lost'* at American Political 
Science Association Panel on Formal Theory. 
Washington, DC : on ''Environmental quality 
and the optimal iurisdiction*' Jwith Allen V. 
Kneese], at the Joint Institute on Comparative 
Urban and Grants Economics, University of 
Windsor. Ontario; and on "Representative 
j{overnment and environmental quality," at the 
Seminar on Institutional Arrangements for 
Planninj? and Implementing Water Quality 



Management Docisions, University of Victoria, 
B.<i. Was appi^inted visiting professor of politi- 
cal science. University of Pennsylvania. 

RCIBKRT C;. HEALY, Served as rapporteur for 
HFF-Con^ressional Seminar on National Urban 
(Growth Policy. Lectured on 'Theories of urban 
)5rowth" to an economics class at Virjjinia 
Polytechnic Institute, Heston, ( oauthored paper, 
"An econt)mi<: revision of ci?n!ral placi? th«^ory/' 
presented at the annual meetinj> of the 
Western Kconomic Association, 

IRVING HOGH. Continued to serve as member 
of Committee on Taxation. Finance and Pricing 
of the Highway Research Board. National 
Academy of Sciences, Also continued as as- 
sociate of the Committee on International 
Exchan$;e of Persons jSenior Fulbrij^ht-Hays 
Program) and as member of its advisory com- 
mittee for Western Europe, and served on 
review panel for NATO awards. Served as 
consultant to Division of Social Systems and 
Human Resources, National Science Founda- 
tion; as member of editorial board. Journal of 
Mrhijn Economics; as member of standing sub- 
committee of National Committee on Tunnehng 
Technology, National Academy of Engineering; 
as participant in Climatic Impact Assessment 
Program, conference held at Santa Monica, 
Calif.; as discussant of papers presented on 
Price-Subsidy Issues in Urban Transportation, 
Highway Research Meeting; and as prc:^ct 
leader in organizing and writing RFF report for 
U.S. Department of Housing and Urban De- 
velopment on the relations between natural 
resources and patterns of urban-regional de- 
velopment. Presented paper on **Rent, trans- 
portation and urban scale." at 1973 Washington 
Operations Research Council Symposium on 
Urban Growth and Development, jointly spon- 
sored by the Council and the Urban Institute; 
and lectured on "Quality of life and urban 
scale.** at Seminar on Policy and Analytical 
Implications of the Quality of Life, University 
of Pennsylvania, Department of City and 
Regional Planning. Prepared papers on ''Eco* 
nomic trends and demand for the development 
of underground space," at Engineering Founda- 
tion Conference on Need for National Policy 
for the Use of Underground Space, South 
Berwick, Me.; and on "Analyzing spatial 
variations in farm income distributions: a 
multivariate approach** (with Gary Eisner), 
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Rrgiona) Scit'm:t* AsHoi:iat5t)n, Monti»n»y. Calif. 

ROBERT A, KEIXY. Sf?tvi?d as mi^mbi^r of sit« 
vj?4it to thi? University of Michigan for 

Xhv Sim (;rjn! Program of thi» Kalionul ()<:<Mnii: 
and Atmosphf?ric Administration (NOAA) and 
as 4idvisi»r to the Marine Ecosystem Analysis 
Program of the NCAA. Attended Jwiih Allen 
V. Kncose and Walter O. Spofford, Jr.) a 
seminar at the Office of Management and 
Budget to consult with staff on program evalua- 
tion of the Environmental Protection Agency. 
Presented paper on "Potentials uf systems 
analysis in evaluation of aquatic environmental 
impacts/* at the American Association for the 
Advancement of Science Symposium on the 
National Knvirnnmental Policy Act ^ At the 
Interface of Law and Environmental Science, 
Washinglon, and on ^'Conceptual ecologi- 

cal model of Delaware Ksiuary» ' at the Sym- 
posium on Systems Ecology: The Modeling 
and Analysis of Ecosystems. Athens, Ga. Pre- 
pared paper on 'Operational problems in 
large-scale residuals management models*' 
twith Clifford S. Russell and Walter O. 
Spofford, for presentation at the RFF— 

Universities'National Bureau Committee for 
Economic Research Conference on Economics 
of the Environment, Chicago. 

ALLEN V. KNEESE, Chaired the session of 
Problems of Theory and Action and presented 
a paper. 'Congressional performance: a case 
study of national water pollution control legis- 
lation in the post-World War 31 period/' at the 
Public Choice Society *s Conference on Social 
Choice and Political Activism, jointly spon- 
sored by KFF and the Public Interest Econom- 
ics Foundation at the University of Maryland^ 
College Park Ch^'red session at Conference 
on Evaluation of Federal Environmental Pro- 
grams sponsored by the National Academy of 
Public A -ninistration and the General Ac- 
counting Office, Silver Spring, Md.; session on 
Economics of Pollution at the annual meeting 
of the American Economic Association, Tor- 
onto; session on Ecology and Economics at 
the Southern Economic Association meeting. 
Washington. D.C.; and the session on Manage- 
ment of Water Resources in the International 
.Assistance Programs of the 20th International 
Meeting of the Institute of Management Sci- 
ences, Tel Aviv. Served as consultant to the 



Appalachian Resources Project of the Uni* 
versity of Tennessee on strip mining research, 
Knoxville* Tenn. Attended meetings of the Geo- 
sciences Advisory Panel as a consultant of the 
Los Alamos Scientific Laboratory on the geo- 
thermal energy program sponsored by the U.S. 
Atomic Energy Commission, the National Sci* 
ence Foun<lation, and RANN ^Research Applied 
to National Needs]. Parii<:ipated as a member 
of the planning commiitee for the Conference 
on Economics of the Environment, Chicago, 
sponsored by Universities-National Bureau 
Committee for Economic Research and RFF, 
and chair*»d one session. As keynote speaker 
presented a paper, ^'Comments on the report 
of the National Water Commission/* at the 
annual meeting of the Universities Council on 
Water Resources, Lubbock, Tex, Participated 
as member in a panel discussion on *'Environ- 
mental control: the trade-oUs,** at the Interna- 
tional Industrial Conferemre, San Francisco: as 
member of the Research Advisory Hoard iti 
National Science Foxmdation meeting on NSF 
research, Washington, D,C.; as Advisory Coun- 
cil member on the NSF-RANN Delaware Estu- 
ary Project, sponsored by Rutgers Itniversity. 
University of Delaware, and Philadelphia Acad- 
emy of Natural Sciences, to assist directors in 
forming research progtam to reduce pollution. 
Attcniied Committe'^ for Economic Develop- 
ment JCED) meetings in New York as a member 
of the Task Force on Liquid Wastes of CED s 
Subcommittee on Improving the Quality of the 
Environment and prepared memorandum on 
**Sources of waterborne residuals.'* Presented 
a paper, ^^Environmental quality and the opti- 
mal jurisdiction** (with Edwin T. Haefele], at 
the Joint Institute on Comparative Urban and 
Grants Economics. University of Windsor, On- 
tario. Participated in international conference 
on Financial Consi*quenct*s of the Application 
of the ^'Polluter Must Pay * Principle in Flood 
Protection, organized by the West Cermnn De- 
partment of Interior. Karlsruhe. Attended (with 
Walter O. Spofford, |r, and Robert A, Kelly) a 
seminar at the Office of Management and 
Budget to consult with staff on program evalu- 
ation of the Environmental Protection Agency; 
the Research Planning Symposium on Complex 
Use of Water Resources organised by the 
International Institute for Applied Systems 
Analysis (IIASA), Bnden. Austria; nnd advisory 
meetings of the National Academy of Sciences* 
Foreign Office to d'scuss the program of the 
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IIASA lAuHtria) and io assist in eBtablishing 
a TOrchanisJin to rHJiure «pliniiii UniH^d Stat«»8 
support to the ln8titutt!*8 operations* Wash- 
ington, D,C, Participated in the National Acad- 
emy ol Sciences* public forum, "How Safe is 
Safe? The Drsij^n of Policy on Dru$;s and Food 
Additives," an an informed discups;int in the 
session on cosl^benefit analysis in new prod- 
uct development, Wasninj^ton, D.C>: as a panel 
member in session on control stratej^ies* con- 
centrating on effluent taxes, resource use 
charge, and related economic stratejiies. during 
the annual meeting of the Pennsylvania Society 
ot Professional Engineers: and in a Symposium 
on the Control of Auto Emission as an inter- 
viev ^^r with other panel members* sponsored 
by 3rowr Univrrsity and carried by WIAR- 
TV, Providence, R.L Arranged a briefing and 
discussion session btrtween RFF t|uality of the 
envirnnm«'nt staff mrmbcrs and Marine Eco- 
systems Analysis Program (MESA) staff mem- 
bers of the Motional Oceanic and Atmospheric 
Administration (NOAA) on HFF's Delav^rare 
River Basin project, to assist NOAA-MESA In 
their conceptual model of the Nevy? York 
Bi^ht. Addrrsspd the National Economists Club 
on '*\Vater pollution control." Washington, D C. 
Spoke at faculty seminar on analytic methods 
in public policy. Harvard University; and on 
economic aspects of water pollution control at 
the Symposium on Water Pollution and U.S. 
Public Policy, sponsored by the American 
Chemical Society, Chicago. Presented a paper, 
''Costs of water quality improvement, transfer 
functions and public policy/' at the symposium 
on cost-benefit analysis in environmental man* 
agement sponsored by EPA« Annapolis: and a 
paper, **Es!abli»hing the scientific, technical 
and economic basis for coastal Zone manage- 
ment" (with Clifford S. Russell), at the Oceans 
and National Economic Development Confer- 
ence sponsored by the NOAA, Seattle. Gave a 
seminar in a political economy course, johns 
Hopkins University, Baltimore; and to the Envi- 
ronmental Systems Program group. Department 
of Economics, Harvard University. Lectured on 
environmental e::onomics to a faculty seminar, 
a graduate seminar, and the general public at 
Technion. Israel Institute of Technology, Haifa; 
and on ''Economic aspects of environmental 
pollution: implicationfi for resource allocation 
and growth/' "Analysis of economic and other 
instrumrnts in pollution contjol policies," and 
"The American experience in environmental 
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control policies: an economist's view," before 
high government officials and senior business 
managers, Safad» Israel. 

}OHN V. KRUTILLA. Elected to the Executive 
^^ommittee of the Board of Trustees of the 
Knvironmnntal Defense Fund; and to the Ex* 
ecutive Committee of the Governing Council 
of the Wilderness Society. Continued serving 
on the National Air Quality Criteria Advisory 
Committee of the Environmental Protection 
Agency jEPA); as an extramural reviewer for 
the EPA Research and Development Grant Pro* 
Ifiram and as a consultant to the National Sci- 
ence Foundation in a similar capacity. Partici- 
pated in a workshop on fisheries economics at 
the University of Wisconsin^ sponsored by the 
Marine Fisheries Service; and in a Vtforkshop 
devoted to management of wilderness areas at 
the University of Washington, sponsored by 
the U.S, Forest Service. Presented a paper en- 
titled ^'Valuing long-run ecolojjical conse- 
quences and irreversibilities" Jwith Anthony 
C, Fisher), at the Environmental Protection 
Agency's symposium on the use of cosl-benefit 
analysis in environmental management; and on 
"A prototype simulation model of a wilderness 
area {with V. Kerry Sn::^hl, at the U.S. Forest 
Service. Served as a member of a research and 
curriculum evaluation panel to review the 
proj^ram of the School of Environmental and 
Resource Management of the State University 
College of Forestry at Syracuse, N.Y>: and as a 
member of a committee of the Wildlife Society 
directed to draft a new North American Wild- 
life Policy. 

HANS R LANDSBERG. Joined the feculty of 
the Salzburg (Austria) Seminar in American 
Studies to participate in the Seminar^s second 
session of 1973, devoted to 'Technology, 
Growth, and Environment." Accepted appoint- 
ment as rapporteur of the energy utilization 
section of the Ninth World Energy Conference 
to be held in Detroit in September 1974. Con- 
tinued to be associated with various activities 
of ihe National Academy of Sciences-National 
Academy of Engineering (NAS^NAE) as fol- 
lows: served as member of the e^tecutive 
board and two panels of the Committee on 
the Survey of Materials Science and Engineer- 
ing; the executive committee of the Inter- 
national Environmental Programs Committee; 
the study team on International Determinants 



of Nt)t)«)na) M«)t<'rialH Pohi y Jn unit of the 
Stmiy C^jmimUw on Knvinuuni»ntai AHjn*f:1s of 
a National Matcriab Policy |; the Nalioni)! 
MaU^rials Advisory Board (NMAB) and its 
CommiUi'i^ on Technical Aspt^rts of Stralogk 
and (>itu:al Mat^mals: thf> task Uncv, an ihv 
roll! and «}|u»rdUon of NMAB; ihi? slri^riny 
conjmitt«M> on the Oclobrr 1973 NAS-NAE 
mrrtinji on National Mati^rials Polii:y; and 
prrst*ntt»d a r«nii»w of <»nrr)iy and ri»sour€i? 
prohli'ms at a special mootinj; M«.scusning UN 
World Plan of Action for the Application of 
Scien<:e and Techno]oy»y ♦ Development. 
Pres<^nted findinj^s rejjardinj* RFF resource de- 
mand prujei tions for 1970 versus actual demand 
to Harvard University jjraduate seminar led by 
Daniel Bell: addressed Washington Society 
of Friends on outcome of UN ('onferen*:e 
on thi! Human Knviro«ment» Stockholm. Pre- 
sented a pajM^r on ' Environmental issues and 
polities in the United States/* at a mertinj^ 
on Limits !<? C^ruxvih. near Munn.!i. Termany, 
arran)?ed by the BavarJiin Academy of Political 
Science and the U.S. Information Ajjcncy. 

R. T.MJKrr PAC;H, Senea as consultant to 
Library of Conj*ress on recyrlinj? study and 
prep.ired the paper, 'Economics of recyclinj;/' 
Testified at KP.A hearings on ' No Significant 
Deterioration" of pir quality relating; to the 
Clean Air Act. Served as member of the Task 
Force on Technical Aspects of the Technical 
Advisory Committee on Conservation of £ncr$;y; 
and on the /Advisory Board to Professionals 
for the Public Interest. Prepared economic 
analysis of the Interstate Commerce Commis- 
sion's Environmental impact Sta;ement on the 
effect of freij^ht rates on recycling?. 

PAUL K. POKTNEY. Presented papers on Cost* 
benefit analysis f^nd majority ruW at annual 
mcntinR of Public Dhoicr Society, Collego 
Park. Md.; and on Voting?, cost-benefit analy- 
sis and water polhition policy," at an En- 
vironmental Protection Agrncy water pollution 
symposium. Annapolis. 

THOMAS H. E. QUIMHY, Presented paper on 
recycling used newspapers to a meeting of the 
director ^ of the American Newspaper Publishers 
Associatio:« and newsprint manufacturers of 
the Canadian Pulp and Paper Association in 
Montreal and on the design of high-rise apart- 
ments to facilitate recycling to the Building 



Resoarch Institute Conference on Solid Waste 
Management in Buildings, SL Louis. Coni^ulted 
with auditors of the U.S, General Accounting 
Office JGAO) on impediments to the recycling 
of municipal refuse in connection with CAO 
review ot the Resource Recovery Act of 1970. 

RONALD C. RIDKER. Served as consultant to 
Committee on Public Engineering Policy* ^3a- 
tional Academy of Engineering, Chairman of 
Review Panel on National Science Foundation- 
RANN jRe.search Applied to National Needs) 
and author of report of Review Panel on C**owth 
and the Environment: to Aspen Institute* 
Population Workshop; to U.S. Commission on 
Population Growth and the American Future; 
and to Population Division* United Nations* 
for World Population Year* 1973-1974. Attended 
Ditchley Foundation conference on Population 
Problems and Policies in Economically Ad- 
vanced Countries, served as rappoitour for 
one session^ and was one of authors of final 
report. Served as rapporteur, UN Symposium 
on Population Resources and the Environment, 
Stockholm, and as panelist for International 
Bank of Reconstruction and Development 
Population Review meetings, liave talk before 
Environmental Seminar of Agency for Inter- 
national Development, ^'MultidiscipHnary con* 
siderations in environmental analysis." Pre- 
sented paper on "Population growth, resource 
availability, and environmental quality'' (with 
Joseph L. Fiahcr). at American Economic As- 
sociation meeting. Toronto; on "Resource and 
environmental consequences of population 
growth in the U.S., some policy implications,*' 
for Environmental Protection Agency Confer- 
ence on Alternative Futures; on "Natural re^ 
source adequacy and alternative demographic 
prospects/' at the UN Symposium on Fopula- 
tion and Development. Ca^ro: and on *'Popula- 
tion growth, economic growth and the en* 
vironment in the U.S./' at the International 
Economic Association Conference on the Eco- 
nomic Aspects of Population Growth. Valescure* 
France. Attended American Association for the 
Advancement of Science meeting and gave 
paper **To grow or not to grow: that*« not the 
relevant question.'* for sympoBium on Must 
Wo Limit Growth? 

CLIFFORD S. RUSSELL. Served as consultant 
to the Institute of Behavioral Science at the 
University of Colorado. Boulder; and on the 
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Atn«)spht»ric Administration (NC)AA). Ap- 
pointiui ussotjati» luhtur of WurtT })<?s«urirt?s 
iirMMiirij; and tn<*mht»t of ihv VVatrr Prnjjrani 
Ci«ninitttM» of thf» En\ ironmi»nt4d Doff»n5<^ Fund. 
PtiJHi^ntijd s«^ininar!i at Naval WVapons Lid)ora* 
lory, Da)j^ri«n, Va . on r«')^inna] rnvimnin<»nt;d 
quality mana^rmrm mndifk; at Trinity C>d1r>^#», 
Hartford^ Conn.. «>n RFF*s n».sisir<:h pro>»rain and 
the cronomirs of onvironnn^ntai* t]ua)ity prob- 
If^mH; and at l]nivt»rsity of Pittsburj^h on tho 
**Slrid industry modid." T*iu$?ht vhisn in i»n* 
virontnrntal quality oconomirs at Univi^rsiiy of 
«^*orth C3tiro!ina. Dt^parimi'nl of City and R«!- 
gional PUmnin^, C'hiipol Hill Pn»s<»nt*»d piip**rs 
on ' A residuals maniJj^i»tnnit modrl of into- 
|i{ra!i»d iron and stiud prodiu.tion" {with 
Wdliam ) Vau$ihiin), at \nv Stt><^l Industry 
Kt:ont>mi<:s Sominiir. sponsort^d by thn Ameri- 
can Iron and Strel lnstitut<? and Northern 
UUnois I'niM isity. !)oKalb; on * Fh^ablishinj? 
\he srirntifu , UH:hni<:a1 and m:onnmi«: basis for 
coastal /ont* manaj;<?m*?nt** Juith Alh^n V, 
Kwi's<»)* at 44 confrn^nrr «n thi* Oroans and 
^C*^^i^na^ f!connniic r)i*vrlopmi*nl. sponsored by 
NOAA, Soatth^; and «n ''t)p*>rationa1 problf^ms 
in larj»***sra^<' r<»siduals m^maKemt'nt models'* 
Jwith Waltf'r O. Spofford, Jr, and Robrrt A. 
KidJy), at thi' HFF l]nivi*rsitics National Bu- 
roau C"ommitt<*<» for Kconomir. R^^srarch Confer* 
vm:v on Einnomics of lh<i Environtnont, 

SAM H. SCHURR. Wrote papor on ^Minerals 
tradi! and intrrnational relations' for Brook- 
ings Institution pro|ect on Future of the 
International E<:ononiic Order, prepared for 
the Ford Foundation Coauthored paper Jvvith 
MiSton F Searl)» *'An overview of energy 
supply and demand for the next decade,'* for 
65lh annual meeting of American Institute of 
Chemical EnRincers. Participated in seminar on 
the world petroleum crisis at the Woodrow 
Wdson School of Public and International 
AHairs. Princeton University; and in enerjjy 
seminar at meeting of ProfessJnr?! Journalism 
Fellows. Stanford Univer«iify, Gave talks on 
"The energy situation" at Consumer Journalism 
Conference at Northwestrrn University: on 
"The enerjjy crisis'' a! Foreij^n Affairs Execu- 
tive Seminar. US. Department of State; and 
spoke on rner^iy situation at meeting of 
Economic Luncheon Croup. U S Department of 

133 



A^^riculture. Appointed to Aeronautics and 
Space En^ineerinj^ Board of the C^ommittec on 
Alternate Air<:raft Fuels, National Academy of 
Knj^ineerinR; to international editorial board of 
Enerj^y Poiiiy, a British ])ublicatioiu to edi^ 
torial advisory board of new U.S. publication, 
}:nei>jy Systi^ios ued Pohi y. Appointed as ad- 
viser to subcommittee, of the Committee on 
E<:onnmic l)f»velupment. on Problems and 
Potentials of Economic Growth: The Energy 
Problem; and adviser to Lyndon U. Johnson 
School of Public Affairs, University of Texas^ 
Austin, on enerj^y policy research. Continued 
to serve as member of Supply Technical Ad- 
vis«)ry Committee of the National Gas Survey 
conducted under the auspices of the Federal 
Power Commission, and as member of the 
Nati<mal Academy of Eniftineerinj? Ad Hoc 
Committee for the U.S. Bureau of Mines, 

MILTON F. SKARL, Served as consultant to 
Naliooid Srirm:*^ Foundation Solar Enerj;y 
Proj;ram; and Ltis Alamos Scientific Laboratory* 
Subterrene Advisory Panel, Served as a re* 
viewer for National Science Foundation on 
Enerjjy Studies proposals under KANN jRe- 
search Applied lo National Needs) pro$?ram: 
and as member of American Physical Society 
Committee on 1974 Summer Energy Study. 
<:onducted seminar on enerj^y modeling and 
edited pubhcation of the working papers. Tes- 
tified Jwith Joel Darmstadtcr) on '^Growth in 
U.S. energy import dependence: prospects and 
options/* before Senate Committee on Foreign 
Relations. Delivered lectures at University of 
Iowa; Argonne National Laboratory; and Car- 
negie-Mellon University Alumni Symposium, 
on * Energy economics/' Presenicd paper on 
• Alternate paths to oil and gas supply from 
domestic sources/' at 47th Annual Fall Meet* 
i of the Society of Petroleum Engineers of 
the American Institute of Mining. Metallurgi- 
cal, and Petroleum Engineers, San Antonio: and 
on "An overview of energy supply and demand 
for the next decade ' (with Sam Schurr). at the 
()5th annual meeting of the American Institute 
of (Chemical Engineers, New York. 

V. KERRY SMITIL Delivered lectures at De- 
partment of Economics, State University of 
New York. Binghamton: Department of Eco- 
nomics, University of Pittsburgh; Department 
<)f Economics. University of Maryland^ Econo- 
metrics Workshop, Michigan State University; 



and Environmrnta) KionnmJcs Projiram^ 8nuth- 
rrn EconomiiH AssoruitHm, VVaslnnj^ton. I).C. 
S<»rved as in\iU»d tutor on Tnuitivarinto ana!y* 
sis» Amrrican Inslitnti* for Drcision Scirnccs, 
Nf!\v Organs; and ius invitod l<u:iurrr» Environ- 
ni<'nta! Ki:onomU:n Proj^ram, Univrr?<Uy of dxW* 
fornia, Hivf»r«;idtv Dt^livvr«»d UM.turoji on ' Ro* 
grt»?i?iJon analysis wiih dichotomoi^s di»pi»nd<»nt 
variabU^s* (with Charles ]. Cu:i:hiplU) and on 
*\An rronomac and *^ronomHrh: modoi for thi» 
valnaUon o! i»nvironmvntal ♦\;?»ourtu»s \\%\h an 
apjdkation to oiitdoo** rrcn^aiion at Mini^ral 
King** jwith Charts |, Ciccheiti and Anthony 
Fish<*r|, at thr annua) mi^rtinji of iho Econo- 
m<»irk KocitMy, Toronto; on **Econoinh: mndoU 
and rrcrratinn jdanninj:" {with Charlrs |. Cic- 
c:h«»Ui and Anthony C Fishrr). at 1h«? 1972 
iinnual moiMinji of the Opi'rations Rf^srarch 
S«ri<*ly. \<»\v Orlrans; and on **A protuiypi* 
simulation nmil<»l of a wildvrnrss aroa** fxvith 
John V, Krutillal. at thr ll.S. Fnn*st Scrvirr- 

VV ALTER <). SPOFFORD, JR. Smvod as World 
Hralth Orjijani/aiion consultant to Orchoslo- 
vak Ri'^srnrrh and Drvi^lopmrnt Centre for En- 
vironmrntal Pollution Control. Ikatislava. 
Czechoslovakia; and as consultant to Environ- 
montal Prot«M:tion A>:rncy on ri»j»ional f^nviron- 
mrntal quality modrlinj?. Served as member of 
Pauri on Marino Ecosystrms Analysis (MESA) 
of the National Oceanic and Atmospheric Ad- 
ministration (NC)AA); member of the Terhni- 
cnl Adxisory Committer to the Christina Basin 
Study. University of Delaware, Newark; mem- 
ber of National Science Foundation Site Visit 
Team to Center for the Envi/onment and Man. 
Inc. Hartford, C/itin ; ond member of editorial 
board of Jrnmu}! of Knvjronment«l Economics 
ami M^ino^^ement. Served on faculty, NATO 
Advan€:e(l Study Institute Systems Analysis for 
Environmi*ntal Pollution Control. Baiershronn. 
Germany: and participated in Workshop on 
Compu^'r Modeling and Simulation as an Aid to 
Decision \lakinj». Washinj<ton, D.C , sponsored 
by The Institute for the Future for the National 
Science Foundation. Attended (with Allen V. 
Kneesp and Robert A. Kelly) a seminar at the 
Office of Manajiement and Budget to consult 



with staff on pro^^ram evaluation of Environ* 
mental Protection Aj^ency. Presented lectures 
to graduate students in <:ity and reiRional plan* 
ning at State University of New York, Stony 
Brook, on ^^Environmental models/' "Oplimka- 
tion technitjues/* and '^Residuals management 
models**; on "C^onceptual framework and 
mathematical techniques for analysis of residu- 
als^environmental ijuality manaf»ement prob- 
lems" Jwith Blair T Bower), to Cxechoslnvak 
Resean h and Developm> nt Centre for Environ- 
mental Pollution <-ontrol Bratislava. Chechos- 
lovakia, on ^ Residuals manajjement in the Del- 
aware Valley** (with Clifford S. Russell and 
Robert A. Kelly); to a jiroup from Marine Eco- 
systems Analysis of ihe NOAA. Presented pa- 
tters on "Operational pr«bl<*ms in large-scale 
residxjals management models'* {prepared joint- 
ly with Clifford S. Russell and Robert A. Kelly), 
to joint KFF— Dniversities-National Bureau 
iiommittee for Economic Research Conference 
on Kcononiics of the Environment, Chicago: 
i\t\d on "Total environmental qiiallty manage- 
ment mndels." to NATO Advanced Stud> lijsli- 
tuie Systems Analysis for Environmental PoSlu- 
turn drntm], Biiiersbronn. Cermany. 

WILLIAM |. VAUCHAN. Presented papers on 
'^Residuals management in the U.S. iron and 
steel industry * {witn <'lifford S. Russell), at 
University of Pittsburj^h. Economics Depart- 
ment seminar; and on **a residuals manage- 
ment model of integr.iled iron and steel pro- 
duction* {with Clifford S. Russell), at Ameri- 
can Iron and Steel Institute and Northern Illi- 
nois University Steel Industry Economics sem- 
inar. De Kalb/Ul. 

rUEDKRlCK |. WELt-S. Served as an expert 
witness and submitted testimony concerning 
electric utility rate structures in the Potomac 
Electric Pow<?r Company rate case, formal C9«c 
no. before th«» Public Service Commission 
of the District of Columbia^ Presented a semi- 
nar, entitled "Resources for the future* will we 
have enough?** at the Il-S. Civil Service Com- 
mission Executive Seminnr Center. 



WRlTI\i;S A SELECTIVE LIST 

Bower, Blair T ''Economics in Planning/' Pro- 
ceedings Water Quality Planning Seminar, 
Interstate Commission on the Potomac River 
Basin. 1973, pp. 21-26. 



_ ^ with Ceorge O- G. Lof. and W» M. Hear- 
on, ''Residuals in Manufacture of Paper/' 
JournoJ o/ the Environmentof Engineering 
Division, proceedings ASCE. vol 99, no. EEl, 
February 1973, pp. 1-16. 
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,uui xhv louv ihr Sim. " ui Kronunn*' As- 
piM Is nl Visb IVndui lnuj. 3\^r3s, Frant:o: Or- 
\^,nu/*iiion !or Hciniomii: ('.onprr.nion and 

. * risht^iy Prohlrnis and \hv V S. Draft 
ArHrlt\ ' in run ri^inius: Foijrfh \u?junol Svti 
titivt ( ^)::^^'^•:}^^^ Madison, Wis: Vnivorsity 

. 'Al,irino Kosoun «\s and \hc Krrodotn of 
\hv Sims/' in K (-a>rd<ni Pirio, Orouno^iraphy: 

< ;nn?<Miipr>rui V H<*ndin\:s in Orivjn St h.'Jh rs. 
Nmv York: Oxfurd Tnivrrsity Prrss, l<r3. 

. **\orlh\vrsl Allantiu rishrri;»s Arran)»o- 
nnnts: A T* st nf th** SjiiM irs Apprnaith/' 

JiJuinuJ. \<)l no. 1 

, "Thv Owni^rship of ()i:ran Rrsonrrns," 
in cnir <^ »M.n Hrsonrr«'s \Vashinj;tnn, !).<*.: 
rin* La.jk Wallon k«Mjinr of Ann-rii a and 
\ hv S|MH t Fishinx: lnsti!ut«\ V^72. 
(!lausnn. \1aiton '* rho I-jiuNm^<v;s iuid Flrxihil- 
ilit^s *d l and Ko»inur«:t's/' fnurnnj Sod ojjd 
Wirfi-r < ^i?;srt \ ujjon. vol. 1!". 5 |Si*ptrni- 
brr ()4 tt.bi r V.r2]^ 

. \\ Ijiok 10 tho Past and a l,nok to tho 
Fn!nT*\" \n Stttuiiuil l.iuui Vsv Tohry: Oli- 

< r^ duius uf a '-pv<Ml rnnforrnt ^' s]K>iisor«'d 
hv Sod {'nnsor> aliiu; Sin ii'ty of America. 
Ankt-ny. ltnva> St>il (lonsri v.Uion Soirii'ty of 
Ann-rit .i. 

. • MullipU^ l.and U.siv" in UJ IVorni {^)n- 
fi?r«'n* *' on Anun<j/ Prinlurimn, Prr-C*onfi*r- 
VIM r Vnlnm»* No. 2, Prr»i'*n!od l^aprrs-'l ht^mes 
1 and V M«dhoiirni\ An?iltalia, 1*l7a. 

"National Parks Around thr World." 
.Arnr'innii Knifsrs. vol. 7<). no. 3 (March 1073). 

' Kan>:i^ Mana^< nn?nl in Jhi^ United 
Siattvs Inr the Onr to Thrt'o Crnera- 

tians/' /oninjd nf H<jnv^*? .\t(ijni,i?<;m^'nt, vol. 
2^^. no T) lSrp!<^Tnbt^r 1072). 
l)arms!,idli^r. Jtx 1 *'Knrrj>y (lonsnmpiion: 
lYiMids. }^t>spiM'ts. and Issurs.** |onrn*d oj 
Sod find Wnfrr (Uu)scrvi)tmn (May^Junc 

"VUr Knrr>;y Sitnaiion: Supply and Dr- 
in.nnl.'* in Tho Vuif d SUiivs niwJ the ^)^ivvl- 
npjnu WorJd A3:r7nJa fnr Action. ()v<^rsras 
Dm rlojmirnt Connr.il. Washinj^ion. D.C, 
10*3. 

" ]an'rj»y's ImpiU t on Foroij^n Policy/' 
('onsu/hnij Kiii^oH^rr {March 1073). 

. "ForcijiO ]Vdiry 1m]dications of thr 
Fncr>jy Orisis. " statrmmt at h«'arinj;s beforr 
tl.p Snbt.ommitUM* on Korrij^n F«:«)n(JTnic Ptd- 
iiv t>^ tin* (loniniiltrr on Foreign Affair.s. 
Ihnisr of Krprrst*n!ativ**s. 02 (-nn>^. 2 srss 
W.ishinjilon, HC: (;«nrrnmont Printing {)f- 
fi(u\ 1072. 
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. ^iamitinjj tho Domand for Knrrj^y: 

Possible? Prohabb^?'' Knv iroiu3n?nioi Affnirs. 
vol. \h no. 4 11073). 

. ^'Th*» Natnrr and Fh»\jbi1i1y of Enorj^y 
Dt^mand in ihr Vniiod Slairs," in Murrry D. 
CioUibt»r}?, rd.» KnrTjjy, Knvironnicnt mui 
P^jnnjonj Thi^ Lih)^i hhuu) So;:nd Ho^^ion. 
Upton, N.Y.: Hrookhavon National Labora- 
tory, n^-k 

. AVorld Hni^rjjy: Demand and Supply/' 
Kconomu Jnipij( f jU S. Information Aj^oncy), 
no. 2 }1073|. 

Fisht*r, .Anthony C. *'Enviu)nnnnital Kxtornali- 
lii»s and tho Arrow- land Public Invest monl 
^rheorotn," Amerirun Kcononnc ih>vi<n\\ vol. 
i\X no. 4 fSrptrmbor 1073]. 

, with Charles |. <act:heU> and V. Kerry 
.Smith. "Fcononiic Models and the Planninji 
nf Outdoor Recreation/' OpDrolions Hi> 
seonh, vol. 21, no. 5 (Septemher/Octobrr 

ir;3). 

Fisher. Joseph I.. "Challenv^e of tho Future: 
Some <^pportueities and Imperatives for Kco- 
nomi*: Kdn< ation/' addre.ss at Conferenc^e to 
(Commemorate the 2r)th Anniversary of the 
(*aUin K> Kazan jian Kconomi^:ji Foundation, 
Int:., Windsor, {*onn., October 1^172. 

"An hUroductior to Knvinmmontal 
Fcon^^niij-s."' in The Keniun;n<:s of Environ- 
n^rmtoi Prohlem.s\ Mii:hijian Hnsiness Papers 
No. ViS, (Graduate School of Business Admin- 
istration. Ann Arbor: University of Michij;an 
Press, 1073. 

. "An Overview of Resour< es for Busi- 
ness." in A Lorn, at Businoss jn a sum- 
mary of tho White House (-onference on the 
Industrial World Ahead. Wa.shinjiton, DC: 
(iovernmeni Printin>» Office, 1<)72. 

. "Park Systems Planninj^: Hxperionces 

and Prospects/* in ]ean-Paul llarroy, comp.. 
World N<j<ion*d Porks. Proj»ress and Opportu- 
nities- Brussels, Beljiium: Hayox Publishing. 
1072. 

"Whut AFA Members Want from Thoir 

Forests/* editorial in y\meriron Forests. 
Washington, D.C:.: American Forestry Asso- 
ciation, 1073. 

. with l.owdon Winj;o. '^Directions for 

Metropolitan Policy/' in Mark Perlman, 
Charles ]. Leven, and Tlenjamin Chinitz. eds.. 
Spatial, Ho^jonni and Popuiatio/i Froiiomics, 
essays in honor of Kdj^ar M. Hoover. New 
York: CJordon and Breach. 1072, 

^ with Ronald C. Ridker, "Population 
ftrovvth. Resource Availability and Knviron- 
mental Quality/' in Ptipers and Vrococdin^is 
of iha Sriih AnnnoJ Meetjn>; of ihc Anierirnii 
K^'onontir Assncjuijoji. May 1073. 

Caffney, Mason. "A Oitique of Federal Water 
Policy,'* in Robert D. Hamrin and Robert IL 



fviiiu*.. Viiht \\ Vuik H.iJj^iM and Kiuv, 

. 'iMJVi'tivt? Kfllunit <^>ntrols on Infltj- 

. "Ttix^ilion ;uicl iht^ l''uni:tinns of Urhnn 
unJ Sf)< ioJo»:y. \ol. ,C no, l jjanuary 19*":^). 

^^•n!%^tnrs a\ \hv \au:a] 1.4>\ri/" rijhjji: Ad- 
mmistmiun) Hv\ w\\\ \ol. no- 2 (M^iri.h 
April v.r^]^ 

Ho< h, li'\in\; **Int oino nnti City Si7.<\" nrbijn 
Sni«l4*^s |()4iohrr nr2]. 

Ki\visi\ AUrji v. "Aii^ilysis of Knviinnnirntal 
iN)lhjtion/' in Robrrt Dnrfman iuicl \anry S> 
norfinan. <'ti>; , Ki ojiomn s of tlw Kiiviroj]- 
meut. Nrw Viuk: \V. \\\ Norion. i\^T2^ 

- - . 'Poliludl Kcononiy of Watrr Quality 
Mana\ii*niiMit." in |o<^ S. Ihiin, rd., Juniron- 
iihvjfjjj Prruy: Kionomu: Causvs niul Honir- 
Wjf's Hostciir Lilt]<> Hnnvn, li^^'X 

"1\ilhi*ion and Pririni:." AnKMjrtjii Kco- 
iuiunr H<?viru . voK no. 5 <Drt:rmbrr 1\)72]^ 

- - , with Blair T, Howi^r ' (Miusinj', Offsito 
Costs To \^v R<>n<Mlod in Waste Disposal 
Hrcnsions ' and "Standanls (^harj^rs and Kq- 
iiity," in Robrrt Dorfnian and Nan<:y S, DorK 
nian. i-ds., Ki nnomirs of jJjr Krix irnnmrn!. 
\r\v York: VV. VV. Xorlon, 1<^72, 

, with A. Myri( k Frrrnian III and Robert 

H. liavrman. Thv PaJiiivai Krojwmy of Kn- 
\jrniijjjrnf. Now York: John Wilry & Sons, 
19r2. 

Krulilla. John V,. with C. J. Cicchetti. ^ BtMiefi!- 
Cosl Analysis and T(H:hni)|oj;u:ally Induced 
Relative Prjc*? tlhanj^esr The Case of En- 
vironmental Irreversibilities. ■ in Bcrn^fit-Cn^t 
/\niijysis of i'eiJ^^njJ /Vo.urnnjs, a rompendinm 
of papers submitted to the Subcommittee on 
Priorities and Et:onomy in Government of the 
Joint Economic Committee. 92 Cong. 2 sess., 
1073, 

- — * with — "Evaluating Dencilts of En- 
vironmental Resources.' in Bcncfit-Cosi & 
Polu y AnoJysis. Chicago: Aldine Publishing. 

1972. 

Paj;e, R. Talbot. "Economics of Involuntary 
Transfers: A Unified Approach to Pollution 
nnd Consestion Externalities." in Lecture 
.Votes in Kr ononnrs muJ \hitbi*Wi]tir.al Sys- 
lews, vol. 85. New York: Springer-Verlag, 
197:*. 
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*i\\1ensions of the Ayres-KntM^se Mod- 
el, " Pro( ee(iin,.;s a\ the 31^*^2 lEKK t'oolerenee 
on Decision aid t'.ontnd and lith S\nipos- 
imn on Adapt»\e Proeesses^ \e\v llileans» 
Dee, 3;M5, ^1)^2, 

, 'Faihire of Bribes and Standards for 
i^oHntion AbalenHMit/' Kaluin} J^esonnes 
futninjj, li^'J Suiiposiuni Issue jiu press). 

. 'How Mueh Ret yelin^ Is Knonj^h'r 
Pro« eedin>»s of an EPA Conferenee, Oct 
Nov. 2. nr2, in <:y<in3\i ond {'on^Jol of .M^'jids 
jl'tdJtuaty lira] 

, with ]ohn Eerejohn, "A Note on \'ot- 
in^' or a Piiee System in a C:ompetilive 
Market Strut tnre/' AnH»ni on J^oJ^ji oi Sei- 
viu v Hevjeu- jMareh 
Qnimby, Thomas fk K. "Soeio-Political Aspeets 
ol Recv<:Hnj?;' rAPPJ. vok m, no, 4 (April 

Ridker, Ronald <»„ with Robert Nt«*;cat- *'ln<:en- 
tives for l-'amily Welfare and Fertility Re- 
duction; An Illnst ration for Malaysia/' Stud- 
ii.'S m J'^jniiJy i^Jfjuoinj^, voL 4, no. 1 fjanuary 

- » ed. Popnintion, Hesourees ojid the Kn- 
vjronmenf. Vol, :^ of Research Reports of the 
(]oniniissi»)n on l^opulation (Trowih and the 
American Future. \V;vshin\itor. D C" : IT.S. 
(iovernmeni IVinlinj^ (Office, 1072. 

Russell. Ch*^ford S, ' Application of Mi<:roe<;o- 
noniic Models to Rej;ii)nal Environmental 
Quality Manaj^enient/' The Amerir:on Keo- 
jioniM* jhiview. voL ti:i, no, 2 IMay 1^)73), 

_ ' The Municipal Evaluation of Kegional 

Water Quality Manaj^ement Proposals," in 
R. Dorfman, 11, )ac:oby, and H. A. Thomas, 
eds„ Modehs for Mij?3nj;in>i Ite^iiionoJ Wolcr 
Qiuiiiiy, Cambridj^e: Harvard University 
IVrss. 

Smith. V. kt^rry, "The Closing; Circle: A Review 

Article," Socio Economic Phinnin^; Science 

(October ^\r2]. 
, * rhe lm]dications of Common Property 

R(^sonrces for T<M:]oiical Chanjje/* European 

Ecoiuunjc iievjew jl)ec;emher 1072). 
— , "International Trade Theory Without 

Homoj»eneily: A Comment/* QiujrterJy /our- 

nol of Krononn'cs (May 1973), 
, Mnutn Cario Afethods: TJjeir Roie for 

Econometrics, Lexinj^ton, Mass.: D. C. Heath 

ft Co,. 1973. 

- - \ Review of Models of Technological 
Change with Reference to the Role of En- 
vironmental Resources/' Socio Economic 
J'Jiinnin>2 Sdmuu} (October 1fl73). 
. *'The Small Sample Properties of Se- 
lected Econometric Estimators in the Context 
of Alternative Macro-Models/' InlcrnaUonal 
Stotisticd] Review, vok 40, no. 3 (1972). 
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, * riility Funi:ijnns, Inv^stni^MU KrhtUior 
and Risk," QumtviW Hi^vunv uf Kronoinji s 
uiui Uusjnoss {Autumn \\r2]. 

• , wnh Ch.uU^s ]. CicrhiMti ami Anlluuiy 
O KishiT. 'iu^onnmic: ModoJs and Plannuiji 

. with \\\ W. Fibiy^^r, **An Approach lor 
!\ti5niMU Kslimation ol Siati^ and ].xu:a] (»ov- 
nnint'nt K\pjMiii3ltn<» DrtiMminanls/* Ap- 

. with K Marcis. * Applii:;iti(jns of 

Spn Ira) An.ilysis: Somr Furt'arr T'lonjiiihTa- 
tiuns/* J)<v ision Hiivun^s j|anuary 1073]. 



- , with \5an:js. "Tho DiMuand for 

l.i-uid AssiM Ha)an<:os by U.S. ManulaiJnr- 
hi c:ni]H)!at3ons, iav>-l(ro/' ]uunHjJ of Fi- 
^un» an} mid (jiinntitutjx f? Anuiysis {March 

, with C Mantis. ' Mnnolary Activity 

and !nitM«^st Ratrs: A S])im 1r;il Anahsi.s/* 
Qihii lrHy iJt'V^ru uj F* onnnJi s <uid Husi]i<\ss 

Spoifnid, VValtiM (I, Jr. "A M^ilhnnatkal Modt^l 
inr S»']<M:tin\; Optimal Ahatrmt^nt Strati\\;irs 
in Wairr Quality Mana>ii*miMit/' in Vrovccii- 
intis (if Vust Sywpn^nuu on J'jolj^^nis of 
\Vur**r H«»st)nrrrs Sysfrjns, hrld in Karlovy 
\%u y, (//iM hoshjvakia. l^ra^ut^ l***'^. 

'Ttital Fnviroinnontal Quality Manaj^i*- 
xuvnt Modi^is/' in R. A. Drininj^rr, nl., Mod<*/s 
for J^ju unnnN^njuJ PuUiiium Cvniiah Ann Ar- 
bor. Mich.: Ann Arbor Scii^nci* Publishrrs* 
Jni:., V^7^, 
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To the Board of Din^cAors of 
flesotjrccs for the Fulure, Inc. 

\W hiivo rxaminod iho ncconipanyins financial slatomonls 
iKxhihils 1 thrnut^h IV) of Resourcrs for the Future, Inc. at 
Si^ptomber 30. 1973 ami 1072, Our examinations of these state- 
ments were made in ar:cordam:e with j^enerally accepted auditing 
standards and nccordinj^ly included such tests of the accountinj:; 
records and such other auditinj^ procedures as we considered 
necessary in the circumstances. 

In P-)73, the Corporati<in chan*4<^<l it?? method of nccountin*^ for 
vacation pay as described in Note 2 to the financial statements. 

In our opinion, the accompanying financial statements examined 
by us present fairly the assets, liabilities and fund balance of 
Resources for the Future, Inc, at September 30, 1973 and 1972, 
its income and expenses and source and application of cash for 
the years then ended, in conformity with s^^nerally accepted 
accountin^^ principles applied on a consistent basis after restate- 
ment for the change, with which we concur, referred to in the 
precodins paragraph. 

Price Watcrhouse Co, 

IVflsinnji^ion, D C^ 
Octohar 25, 1973 



Kxhibil 1 



srAi! \ir\r oi- asski's. i.iAHii.niKs 
AM) ] r\n ha],a\(;k 

Svplvmhar 30 

J07;i W72* 

ASSETS 

^ S 501,277 $ 252.074 

C^^rtificatrs of do])osit 1.200,000 700.000 

Grants rnrrivablo (Exhibit IV) I,?190,8a2 4.144,4<)8 

Othor rocHvablrs _ , 80.848 58,560 

$3.773 .007 $5,158 ,0'J2 

lAAminiES ASl) EllXD BALAKCE 

r^mnts payable (Exhibit IV) $ 125,408 S 180.252 

Aixounts payable* and atxrued Habilitics 173,862 181.7<)4 

209,270 342.016 

Fund balanri? at bo^inninj; of year 4,814.016 5,50:i.or9 

Loss excess of exppns<? ovor income for the 

year (Exhibit II) 1.340,279 779,063 

Fund balance* at end of year 3,473,737 4,814,016 

$3,773,007 $5,158,032 

• Rrstntrd for comparative purponrs, (Nolo 2] 



Kxhihil 11 



HKSoimcEs Fon rm nirunE. inc. 



ST.vn:MKNr or ixcomk 

AND KXPKNSi: 

For the Yr.ar Emled 

INfCOMH S^ptcmhm 30 

1973 3972* 

Fnrd Foundation . , $ 249,716 $ 763.400 

Ro«:ki-f«^Her Foundation 600.000 

\aiif)nal S(:3<Mn:r Fniindaiion 309,800 

U Dopartment of lloiisinj^ and Urban Hnvnlopmont. . 12,000 
Fihia McConnell Clark Fovmdation 300,000 

in!iMOsl 59,300 41,588 

Contracts with United States agencies 

and intrrnalional agoncips 79,870 67.768 

Total inromr 1.010,686 1,472,758 

Gran s 

FXPK.VSF Staff (Exhihit IV) 



Quality of the ^environment 


$ 390.947 


$ 


738 


393.685 


519,979 


Natural environments 


148.753 




7,289 


156.042 


113.952 


Land and water 


80.852 




31,178 


112,030 


82,173 


Repional and urban studies 


156,542 




( 1,4151 


155,127 


133.899 




421,888 




44,342 


468,230 


320,003 


Resource appraisals 


65,224 






65,224 


67.044 


Special projects 


173,487 




93,833 


267,320 


255,166 


Latin American 


184,006 




7.763 


191.769 


260,146 




55,031 






55.031 


36.204 


Publications (less $123,298 and 












$117,820 received from sales 












of publications in 1973 and 












1972. respectively) 


143,299 






143,299 


169.641 




$1,820,029 


$ 


183.728 


2.003.757 


1,938,207 



Administration: 

Compensation and employee benefits 192.139 171,989 

Travel 16.985 14.064 

Rent 73.014 74,967 

Furniture, supplies and equipment 21.723 13.889 

Other adminLstrative 43.347 38.703 

347^8 313.612 

Total expense 2,350.965 2.251.819 

EXCESS OF EXPENSE OVER INCOME $1,340,279 $ 779,063 

* Rr«iiatrd for romparativc purposps. (Note 2) 



KxluJul Ul 



siA rKMi:\'r in sopkck 

APPLICATION {)V CASU 



For tiui Yiun KiuUul 

Cash pnniihHl by: 

C.T.uus $3,025,132 SLr5a:u^7 

Sal<* of <:orJifi<'at*'s of d<*posit - not lOiMHHl 

Othrr iiu om** n^<:<Mvrd 13}U70 in!),:^fifi 

pjD^ram i»\prnso 2,on:^.7:57 i,?):ifl.2«r 

A<3muiistT,i!ivo rx]iriisn cur.^UH :u:viil2 

I^irt Iv^w* of <:rrtifir;itos of di'posjl uv\ r>imjH)n 

Im:r<\iso (diMTiMsi*) in othrr ri»riM\*ihlt\s - nrl 22,2flfl (47,712] 

nfi:rras<^ in liii])ililii\s - nrt 42.746 47,052 

C.ish ini rraso {lircrrasr) during yvar 248 303 1201.416) 

Cash. biJjiinninj? of yoar _ 252,974 544.390 

Cash. rn<l of yi?ar S 501.277 $ 252/J74 
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BEST COPK RWHABli 



s ! A n;\n NT ur t;KAN rs 

nol<m€<? Balance 

Si*pi, 'AO, Cnmts Puymrntu ScpL 

CHASrS HECFAVABLE VJ72 il\vxixu twns} tHvfmuh} 3973 

Fvtd Foiin jolion: 

C;on^^ral support $3,2«0.«00 52.000,000 $1,200,000 

Latin .Ann ri<:iin proj^ram > 20^.000 $ 250.000 224.000 235,000 

Doctoral dissrrtaiinn fdlowships 51X>11 1284) 51,327 

NVw Y<uk rnrr>iy study 47,834 47,«34 

World nshi»n*»s proj»ram 83.333 m6H8 1fi,665 

Fiu^rxy poliry stmlirs 100.000 lOO.OOO 

3,781,778 249,716 2,579,829 1,451,685 

BorhvfoUvT FoundatUin: 

Knvironmi^nt.il quality trsrarrh 362.720 245,807 110.823 

SaUoiuii Si wui't} Fmimhiiion: 

Social s(:irni:<> aspects of enrrj^y syslr-ms 205,700 88,650 117,050 

Structural <;hanjiO in tho ri*)^ional and urban 

oionomies 104,100 10,756 03,344 

U.S. Department of Honsinii ond Hrhun DoveJopmcnt : 

Kcsrurco and population distribution 12,000 12.000 

Tho Edn« MirConncH ClorJi Foun do tion: 

Constructing^ the tronccptual/rcscarch framework to 
providn }?uidant:i» to the efforts of others in 

rnvironm(*ntal manaj^ement 300,000 100.000 200,000 

Total j;rants receivable jExhibit 1) $4,144,498 $ 071,516 $3,025,132 $1,090,882 



ERIC 



aUASTS PAYABLE 

Qunliiy of iba Environment Tro^roni 

Carnejjie-MeHon University 

Air pollution and human health $ 18.848 $ 1,000 $ 18.058 $ 1,790 

Cornell University 

Manaj^ement and eontrol of community noise 1,374 (1) 1,373 

Florida, University oj 

Mana>?ement dec;.-;ions in the agricultural use of 

j>eslicides 10,000 (10,000) 

Harvard University 

Sodal choices by local election 10,350 10,350 



QuuJily of fh<^ Knvironmpjil Proj^nim fronfinu<*<Jj 

Johns Hopl^Sns Ihnvorsity 

«)p|)Hoi] )n Vu^osla\)a to i'St)m«Ut' qujniitit's of 
r4\suhi,iis ^<>nrrattnl and rvsiduals nian;ij»vnnMit 

<:osls S 10,000 S WMH) 

Now \h?\!t o. rniviTsity of 

Solid wash^ problom in Nrw Mexico S 40.350 4«,:^50 

Toronto, Uni\rrsity of 

PubH*: n^spnrfso to air pollniion control m<MSiir<:»s 

in th<* Unilf^d Kinj^dom 4,500 $ 4,500 

Misivllanrous refunds f26l) (261) 

fl5.422 738 ^^520 WA\M} 

Brown I In j varsity 

Th«* oplimuni usr of natural arras (2,960] (2,*mO) 

Slato tJni\iTsity of Nrw York 
An examination of alte rnative manaji^^mont 

stratrj^ios 10,249 in.24<) 

7,289 10.24<> 

Lami and XWitvr rro^^r^jni 
Amrrican t*niv<*rsi!y 

ludiciali/in^ the urbanization process 12,777 12,777 

l.raj^ur of Women Voters Kthjealion Fund 
Handbook on eHminatinjj obstacles to low and 

moderate income housing; in suburban areas ...» 13,801 13,801 

Minnesota, University of 
A critical study of the U S, Forest Service 6.609 

Montana. University of 
Study of wildlife , 15.550 n,837 

Northwestern University 
Research on administrative responses Jo 1972 flood 

crisis in Black Hills of South Dakota 1,100 1,100 

Washington and L«'e University 
The structure of the market for Southern forest 

resources 3,500 3.500 

22,159 31,178 41.015 12,322 

Ener^jy ond Mjnero/.s Pra^nim 

Denver, University of 

Study of issues and alternatives involved in 

United States and Canadian trade in energy 24,500 24.500 

14G 



6.000 



5,713 



ERLC 



$ 36,814 

7,590 $ 7,590 

(62) (82) 

44,342 7,528 



36,814 



61,314 



FAhibit IV (i:on!jnuiH)) }?uffn5ri? finfenrc 

Sept. :Uh Cumls Payments Sept, 30, 

IVnttsxlvania Statr University 
MiMdl tra<k> pal terns 

Sunlhern Illinois Univrrsity 

History and analysis of U.S. nil input ronirols . . 
N!isci*llant»nus refunds , 

$ 24,i50n 

He4;n)nt}| %md Vthtm Vta^^mm 

California, University of 
(:onferen<:e on rejjional aceounts 2,012 

<^lasj»nu\ University of 
An rrononii<: Jh«u>ry of the si7.e of cities 1.415 

IVnnsyKanui. 1 University of 
Seminar n)riMu)>^s of (Committee on Urban Public 

Ki:onomi<;s 5.712 

9.139 



2,012 



(1,415) 



11.415) 



5,712 
7.724 



Alaska, Univi rsity of 
Study of alternative arranj^ements for manaj>in5» 

»ii>na! fisberi« s in the Indian Ocean rej^ion ISfiOO 16,000 

Anii^Ti<:an Ai:ademy of Arts and Srif»ni:es 
Conferi'nr.e and an issue of DiuhJoJus on the 

meaninji Kid problems of a "no-growth society** 12,362 12.362 

Maryland, University of 

Diverse studies on "quality of life*' 15,000 15,000 

Rhode Island. University of 
An evaluation of the implications of alternative 
ocean manaj^ement schemes for tuna 0«893 9,683 

York. University of 

Study of the fisheries of East Central Atlantic 4,000 4,000 

Doctoral dissertation fellowships 52,950 52.950 

16.362 0S3S5 85.312' " 24,883 

Latin Amerjcon Pro^rom 

Arizona State University 
Economic chanjze and development of Mexicali 

Baja California. Mexico rcKion since 1950 ....... 7,705 7.763 

Minnesota. University of 

Foreij;;n investment in renewable natural resources 2.670 2,670 

2,670 7,705 10.433 

Total j^rants payable {Exhibit 1} S 160.252 I 103,721 $ 218,572 $ 125,408 
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HKsoriu:KS Foa hie fvtvhe, inc. 



Si iM }MnrK IT ^ AM) nrj 

Krsntn j fnr lh<^ Fulun\ Inr. is m^nproHt t,j\-o\t»nipl <:orpnrntH)n h^^iul- 
ijuajionnJ in U\^shin>;1on. \)M U wan i^stnblishH jn t)rJobi»r 1^52 wilh lh<? 
M)oprt\ilinn ijf ihr Koni rounti.Mion, Its purpose is to iulvijnr.o \iw. ih'\v\o\mu>iU, 

\hv vn\inmmvni thiouj;h projjnmiH of rrsmrch ;nul odiuuilion. 

Thr rnrponifinn has i ustnnianly m:nvrd iiinst of its fuiiUs \in(1<»r a si»n<»s of 
fu^MMt ^liuits from thi^ V.nd Foundation. Thv rotnMit yjranl will <^\piri^ in 
S»pi«nihrr yjTA. \ov'i>tiations aro in prn^^rrss with ihv Ford roundaiion for 
nMirWi d fundinj;. 

During; 1*^"'>^. th*» inrpfjraiion «:han>»<^d its nn^thod of arr.niinlinvs vacation pay 
from thi» i.ash basis lo ibo accrual basis in ordor io ^ichirvo a boUor matching of 
»'\prnsrs With nil iun»\ Pnor \iMJs* finani.ial slaliMurnts ha\^i biMMi roslalod to 
rrfltM t this t hanj;<» in accountin>;. Th<» chan>;<? rrsuht?d in an incrnasi? in the 
»'\c<«ss of f^xpi'nsi* furr incomr for the y<»ars rndrd Soptrmbrr HO, 1*J73 and 1072 
nf S5.1«4 and $11.04^*. n»sprciivrly. Th<* fund balance at Srptrmbi^r 30. 1971 has 
hvrn Ti'ihn i'd by «hc S74.<i04 i^ffoct of thi"^ < hango on prior yoars. 



BEST COPY mmu 



